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In the present volume are included three distinct subjects: Bitumens, 
(including Aromatic Hydrocarbons and Phenols), Aromatic Acids, 
and Explosives. The last-mentioned article would have been per- 
haps more in place had it followed Cellulose or Glycerin. When one 
considers, however, the fact that all tests under the heading of Ex- 
plosives are utterly distinct from those of Cellulose or Glycerin, the 
convenience in book-making in this case may be allowed to take 
precedence. 

The editors desire to acknowledge their indebtedness to Mr. F. E. 
Dodge, formerly of Philadelphia, now residing in Chicago; to Mr. 
Edwin M. Chance, chemist of the Reading Coal and Iron Com- 
pany, Pottsville, Pa., and to Mr. C. C. Tutweiler, chemist of the 
United Gas Improvement Company, Philadelphia, for their kind 
assistance in matters pertaining to pitch tests, creosote oils, and gas 
tars, respectively. 

Considerable matter pertaining to asphalt specifications and tests 
is taken from the publications of Mr. Clifford Richardson, of the 
New York Testing Laboratories, New York City. These are quoted 
quite at length, as the exact adherence to these tests (as in many 
other instances) is absolutely necessary to obtain uniform results. 

In accordance with the carefully prepared plan for the series, all 
parts of the book have been revised by those whose practical ex- 
perience qualifies them to speak with authority. 

Dr. Leffmann has found it impossible, owing to the pressure of 
many outside matters, to continue as American editor of the series 
and at the same time prepare those articles for which he has become 
responsible. His editorial work will, therefore, in the future be 
assumed by Mr. Samuel S. Sadtler, of Philadelphia. 

The same system of abbreviation has been followed in this volume 
as in the preceding ones and is largely self-explanatory. In some 
places reference is made to solutions of the United States Pharma- 
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copeia. V.S. means volumetric solution, and in most cases is tenth- 
normal (N/1o). T.S. means test solution. These solutions are of 
about the same strength as ordinarily used in chemical laboratories. 
The chief point at issue is that the chemicals should be of Pharma- 
copeeial purity. Manufacturers of chemicals to be used as reagents 
are taking considerable pains to furnish very reliable articles, so-called 
“analysed chemicals.” 
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HYDROCARBONS. 
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The hydrocarbons (7. e., those compounds which contain only carbon 
and hydrogen) fall into two great classes: 

A. The Aliphatic or Acyclic Hydrocarbons (the paraffins, acetylene, 
etc.) in which the carbon atoms are linked together in open chains. 

B. The Cyclic Hydrocarbons (benzene, naphthalene, etc.) in which 
some or all of the carbon atoms form a closed chain or ring. 


THE ALIPHATIC HYDROCARBONS. 


This large class is subdivided into several groups, according to the 
ratio between the numbers of carbon and hydrogen atoms in the 
molecule, the only important ones being the paraffins, the olefines, 
the acetylenes, and the di-olefines. . 

The Paraffins.—This, the largest of all the groups, includes those 
hydrocarbons in which the carbon atoms are united only by single 
linkages (hence called saturated hydrocarbons), and which conse- 
quently contain the largest possible amount of hydrogen, the general 
formula being C,H,,,,,. Its’ members are formed when carbona- 
ceous matter decays or is decomposed by heat in the absence of 
oxygen at relatively low temperatures and consequently are found in 
the emanations from marshes, the gases escaping from ponds, the 
“‘blowers”’ of the coal pits, and in coal-gas, coal-tar, shale oil, etc., as 
well as in the natural gas of the petroleum districts and in petroleam— 
particularly that of Pennsylvania; while the higher members (C33H,, 
for example) occur as the minerals ozokerite, hatchettite, ceresine, etc. 

Although the first three members of the series each exist in one form 
only, there are two butanes, three pentanes, and five hexanes, all of 
which are known, while the number of isomerides of the higher homo- 
logues theoretically possible is enormous, and for such a substance as 
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HYDROCARBONS. 


C,;H.3 no less than 802 formule can be devised. Of the higher 
paraffins comparatively little is known, few having been obtained in a 
state of purity, and it is probable that in most cases even the m. p. 
and b. p. have not been ascertained with any degree of accuracy. 
The following table gives the physical constants of the normal 
paraffins, and is taken (with some additions) from Richter’s ‘‘ Organ- 
ische Chemie” (11th edition, 1909). 


Formula M. p B. p. at B. p. at 
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The paraffins are not attacked by chlorine in the dark, nor are they 
absorbed by bromine or by sulphuric acid, and so can easily be sepa- 
rated from the other aliphatic hydrocarbons; they are hardly attacked 
at all by fuming nitric acid or by chromic acid in the cold, although 
even dilute nitric acid canverts normal hexane, heptane, and octane 
into nitro-paraffins on warming. (See Konowalow, Compt. rend., 
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1892, 114, 26; Ber., 1895, 28, 1852; Worstall, Amer. Chem. J., 1898, 
20, 202; 1899, 21, 210; Francis and Young, Trans., 1898, 73, 928.) 
In daylight chlorine attacks them vigorously giving substitution prod- 
ucts, bromine less readily, and iodine has no action. 

Detection and Estimation of Paraffins.—Parafiins in the vaporous 
or gaseous state can be separated from hydrocarbons of the olefine and 
acetylene series by treatment in the dark with excess of bromine. The 
paraffins remain unaffected, while the unsaturated hydrocarbons are 
converted into liquid bromine compounds. The same principle is also 
applicable to liquid mixtures of paraffins and olefines. The un- 
changed paraffins may be separated from the olefine bromides by 
distillation in a vacuum. 

When paraffins are heated with bromine and water for some time 
in sunlight, they are converted into bromo-substitution compounds, 
half the bromine which enters into action being afterwards found as 
hydrobromicacid. This behaviour may, under favorable circumstances, 
be employed for their recognition and quantitative estimation. 

Liquid paraffins may also be separated from: hydrocarbons of 
other series by treating the mixture first with sulphuric acid, so 
long as the acid becomes coloured, and then with fuming nitric acid, 
avoiding rise of temperature. Other substances are oxidised, or con- 
verted into nitro-compounds which remain dissolved by the acids or are 
much less volatile than the unaltered paraffins. After washing with 
water, drying over caustic potash, and rectification over sodium, a dis- 
tillate of pure paraffins is obtained. A practical use of this principle is 
sometimes made in analysis. 


THE OLEFINES, C,H... 


The olefines closely resemble the paraffins in their physical proper- 
ties, and are converted into them by nascent hydrogen; containing less 
hydrogen, they are ‘‘unsaturated compounds,” and hence unite very 
readily with bromine (even in the dark), the halogen acids, concentrated 
sulphuric acid, etc. 

Estimation of Olefines.—The only methods practically available 
for the direct and accurate estimation of olefines, when in ad- 
mixture with hydrocarbons of other series, are based on the facility 
with which they unite with bromine, or their absorption by fuming 
sulphuric acid. 
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For the estimation of the gaseous olefines, as existing in coal-gas, a 
known measure of the gas is introduced into a graduated Cooper’s. 
tube, care being taken that the water which is displaced has been 
previously saturated with gas of the same quality. Bromine is then 
dropped into the water which remains in the curved part of the tube, 
the tube closed with a stopper or the thumb, and the contents well 
agitated. On opening the tube under water, the diminution of the 
volume of the gas will indicate that olefines have been absorbed, and, 
on observing the water, oily globules of C,H,Br, etc., will be perceived. 
These should be red or yellow in colour; if colourless, more bromine 
must be added and the agitation repeated. The tube being again 
opened under water, a small piece of sodium hydroxide is added to absorb 
free bromine and the tube agitated once more. The tube is then im- 
mersed in a cistern having glass sides, so that the volume of the residual 
gas can be read off when the water in the cistern is on the same level 
with that in the tube. The loss of volume, duly corrected, if necessary, 
for temperature and pressure, gives the hydrocarbons absorbable by 
bromine. 

Satisfactory estimations of olefines can also be made by means of . 
Hempel’s gas-burette or Lunge’s nitrometer. Hempel (Methods of 
Gas Anal.) states that the sulphuric acid method is the most accurate. 

When the proportion of olefines is small, a known measure of the 
gas can be caused to bubble through a solution of bromine in carbon 
disulphide. 

For the estimation of the olefines in liquid hydrocarbons the bromine 
method is still available, but the method of operating must be modified. 
The following modification of the process of Mills and Snodgrass 
(Vol. 2) has been extensively employed in Allen’s laboratory and 
found very useful for the examination of commercial products from 
shale and petroleum. An approximately decinormal solution of 
bromine is made by dissolving 2 c.c. of bromine in 750 c.c. of recently 
distilled carbon disulphide. This solution, which keeps well in the 
dark, is rendered anhydrous by the addition of some lumps of 
dry calcium chloride. An accurately weighed or measured quantity of 
the dry hydrocarbon, weighing between 0.3 and 1.0 grm., or a volume 
of a solution of the oil in carbon disulphide contaning a known weight 
of the hydrocarbon, is then placed in a perfectly dry stoppered flask or 
separator, the solution diluted, if necessary, with carbon disulphide 
(kept over calcium chloride) to about 25 c.c., and then 25 c.c. of the 
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carbon disulphide solution of bromine added. The flask is then 
closed, and the contents agitated. If the liquid is distinctly red, 
sufficient bromine has probably been added, but should the solution be 
nearly or quite decolourised, a further addition of a known measure of 
the bromine solution should be made without delay. The flask is then 
at once placed in the dark and kept there for a quarter of an hour, 
when an excess of an aqueous solution of potassium iodide is poured in, 
the contents agitated, the flask removed to a light place, and the solu- 
tion titrated with a decinormal solution of sodium thiosulphate (24.8 
grm. of crystallised salt per litre). The end of the action is indicated 
by the decolourisation of the carbon disulphide, and is rendered sharper 
by adding a few drops of starch solution toward the end of the titration. 

25 c.c. of the carbon disulphide solution of bromine are then 
placed in a similar flask, potassium iodide solution added, and 
the titration with thiosulphate conducted as before. The difference 
between the volume of standard thiosulphate now required and that 
previously employed for the titration in presence of the hydrocarbon 
is the measure of thiosulphate corresponding with the bromine which 
has combined with the unsaturated hydrocarbons present. 1 c.c. 
of decinormal thiosulphate corresponds with 0.008 grm. of bromine. 
The bromine solution keeps for a considerable time without change, 
and hence the verification of its strength is only occasionally necessary. 

It is absolutely necessary not to expose the hydrocarbon to the 
action of bromine in presence of strong light; even a very moder- 
ately diffused daylight is prejudicial, but gaslight has no sensible 
effect. Fifteen minutes should be allowed for the completion of 
the action. If much exceeded, secondary changes are liable to 
occur, which give results in excess of the truth, more or less hydrogen 
bromide being usually produced, the amount increasing with the 
time allowed for the action. On the other hand, the combination with 
bromine is sometimes not completed immediately. McArthur 
(J. Soc. Chem. Ind., 1888, 7, 65) points out that moisture must be 
rigorously excluded, the bromine added must be twice the quantity re- 
quired for absorption (ascertained by a preliminary experiment), and 
the oil solution must be diluted with carbon disulphide to three times 
the volume of the bromine solution that is to be added. 

The foregoing process gives tolerably concordant results, and 
was adopted by Allen in place of a method described by him- 
self, in which the bromine was employed in aqueous solution. In 
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its simplest form this process is conducted exactly in the manner 
just described, except that approximately decinormal aqueous bro- 
mine is used, instead of a carbon disulphide solution of that element, 
and the potassium iodide solution is added directly after the oil has 
been thoroughly shaken with the bromine water. If the bromine 
compounds formed are viscous and adhere strongly to the sides of the 
flask, so as to hinder the action of the bromine water, a few centimetres 
of carbon disulphide may be added, by which the oils will be dissolved, 
and may be brought in contact with the bromine water by agitating. 
This method gives fairly constant results, but they do not represent 
simply the bromine assimilated by the unsaturated hydrocarbon, etc., 
of the sample, as oxidation also occurs to a very sensible extent. ‘The 
results obtained are therefore in excess of those given by the carbon 
disulphide process, but they are fairly comparative, and for works- 
assays of shale and petroleum products the method will be found 
of service. 

Owing to the complex character of commercial hydrocarbons, 
an estimation of the amount of bromine combining with them 
does not give the means of calculating the percentage of olefines 
present. If, however, a fraction of constant b. p. be prepared and its 
vapour density ascertained, its mean combining weight can be de- 
duced, and an estimation of its power of assimilating bromine 
gives a means of obtaining a close approximation to the propor- 
tion of olefines contained in the fraction. This suggested method 
assumes that the fraction consists essentially of paraffins and olefines. 
Any admixture of hydrocarbons of other series would further compli- 
cate the problem. 

On this account it is preferable in practice to express the results 
of titrations as bromine absorptions; that is, in grams of bromine 
assimilated by 100 grm. of the oil. Ifa known volume of the sample 
has been employed, the number of grams of bromine taken up by 100 
c.c. must be divided by the density of the sample to ascertain the bro- 
mine assimilated by too grm. 

It must be borne in mind that, besides olefines, many other sub- 
stances, both hydrocarbons and oxygenated substances, assimilate bro- 
mine, and hence the “bromine absorption” of a complex mixture 
arises from several sources. Nor does the bromine absorbed by 
substances other than olefines bear a constant relation to their molecular 
weight. ‘Thus the hydrocarbons of the acetylene series absorb either 
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Br, or Br,, and the latter proportion is also assimilated by terpenes. 
Oleic acid combines with Br,, linoleic acid with Br,, and phenol with 
Br6, a bromo substitution product being formed in the last case. The 
results given by these substances are described in the sections on oleic 
acid, turpentine oil, phenol, etc.; and estimation of the bromine 
absorptions of shale and petroleum products, rosin oil, and resins will 
also be found duly recorded. 

It is possible to ascertain the iodine absorption of hydrocarbons 
by Hiibl’s method, which gives results comparable with those obtained 
by bromine if the former be multiplied by the factor 0.63. The process 
is, however, not well adapted for the examination of hydrocarbons, as 
the action may not be complete in less than twenty-four hours. 


THE ACETYLENES, C,H,,_.. 


The members of this group are usually oily liquids of rather 
higher b. p. than the corresponding paraffins; they are, of course, un- 
saturated compounds, containing a triple linkage, and react with 
hydrogen, the acids, halogens, etc., in very much the same manner as 
the olefines. Their most characteristic property is the great readiness 
with which they react with ammoniacal solutions of cuprous or silver 
salts, forming compounds such as C,H,.Cu,O which are almost always 
thrown down as precipitates. By this property they can be distin- 
guished and separated from all other hydrocarbons. 

The cuprous solution is prepared by treating copper turnings in a 
separator with strong ammonia in presence of a limited quantity of 
air, until the blue liquid first formed has become colourless. The 
reagent is then run from the tap into a U-tube fitted with a tube bent 
twice at right angles, the open end of which dips under water, so as to 
prevent contact of air. On passing a gas through the cuprous solution, - 
a yellow or red precipitate will be produced if acetylenes be present. 
If the precipitate be filtered from the liquid and treated with strong 
hydrochloric acid, the acetylene will be liberated. This behaviour 
furnishes a means of isolating acetylene and its homologues in a con- 
dition of purity. On treating the cuprous compound with aqueous 
ammonia and zinc, the corresponding olefine will be produced, and 
may be identified by the proportion of bromine with which it unites. 

The silver derivatives of the acetylenes may be obtained by substi- 
tuting an ammoniacal solution of silver nitrate for the cuprous solu- 
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tion. A solution prepared by dissolving cuprous or silver chloride 
in ammonium hydroxide absorbs acetylenes, but some of the hydrocar- 
bons are not precipitated by such a reagent, as their metallic derivatives 
are soluble in ammonium hydroxide containing ammonium chloride. 

Acetylene, C,H., is an important illuminating agent. It may be 
prepared in various ways, but the only one of moment is the action of 
water on calcium carbide, by which calcium hydroxide and acetylene 
are the only products. Acetylene is a colourless gas with a faint 
ethereal odour; it is usually regarded as highly poisonous, but several in- 
vestigators deny this. As prepared from commercial calcium carbide 
it is very impure, and the disagreeable odour and poisonous action at- 
tributed to the acetylene itself are due to the impurities, especially 
hydrogen phosphides and sulphur compounds. The statement that 
acetylene causes the odour and annoyance developed by the im- 
perfect combustion of illuminating gas, as when a Bunsen burner 
“‘strikes back,” is, therefore, not correct. The following data con- 
cerning the manufacture and properties of commercial acetylene are 
mostly taken from a paper by H. Fowler (Proc. of the (British) Institute 
of Civil Engineers, No. 3093, Mar., 1898): 

1 pound of pure calcium carbide will require 0.562 pound of water 
and yield 1.156 of slaked lime and 0.4064 of acetylene, equal to 5.5857 
cu. ft. at o° and 760 mm. The yield of good commercial carbide is 
about 5 cubic feet per pound. Water dissolves about 1.1 times its 
volume, but a saturated solution of common salt dissolves only about 
0.05 volumes. Alcohol dissolves about 6 volumes and paraffin about 
2.5; acetone dissolves a large amount. Since the density of acetylene 
is nearly that of air, it diffuses slowly, hence the danger of formation of 
explosive mixtures in the neighbourhood of a leak. The most violent 
explosion is produced by a mixture containing 8.37 per cent. by volume 
of the gas. Acetylene is liquefied at o° by a pressure of 21.5 atmos-, 
pheres; at 20° by a pressure of 42.8 atm. The critical temperature 
is 37.05° at 68 atm. 

Liquid acetylene has a sp. gr. of 0.4 and is highly expansible. It is 
liable to explosive dissociation, and the conditions under which this 
occurs have been extensively studied. Berthelot and Vieille placed 
18 grm. of acetylene in a small flask and fired the mass by means of a 
wire rendered incandescent by an electric current. The pressure rose 
to 5638 atmospheres, and the carbon was left as a lump with brilliant 
surface and conchoidal fracture. Explosion may also be brought 
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about by fulminating powder and even by friction. The presence of 
spontaneously inflammable hydrogen phosphide (PH,) is said to have 
been the cause of at least one explosion. To remove this objectionable 
ingredient, Pictet uses a washing solution of strong calcium chloride, 
and then a lead salt at —16°, but even this treatment may not remove 
all the phosphide. The following are analyses of ordinary acetylene: 


Fowler Outon 
PN COLV IONE Urtyrcloyas tate eaten nie pS yseactere car aysy sue sient 95.6 98.74 
FIVROFenestUpHIGe) sie eae cree alae eens trace I.03 
Ebydrosenypbosphidesimyis- mene oo sae amelie s yer 0.038 0.23 
NTA UMass tcl Soy. Leer aie sin Sus isusye isi ck Sem oncpen taza ORO SIME MT Sight ene Sys 
| 


Acetylene can be estimated by titrating the free nitric acid pro- 
duced by the action of the gas on a See of silver nitrate. The 
change is represented as follows: 


C2H, + 3AgNO; = CoAg2AgNO; + 2HNO3. 


The mixture must not contain any gases which interact with nitric 
acid or which are themselves acid in character, and the silver nitrate 
must be in excess. The only data necessary for the calculation are the 
volume, temperature, and pressure of the gas, and the final volume 
and acidity of the liquid. The operation may be performed in a 
Raoult eudiometer, 20 c.c. of a 10% solution of silver nitrate sufficing 
for a 60 c.c. eudiometer, distilled water being afterward run in until the 
pressure is equalised. 

The most serious impurity of acetylene, as prepared by the action 
of water on commercial calcium carbide, is hydrogen phosphide, 
which, like ammonia, appears to favour the formation of the explosive 
copper acetylide, and, if present in notable quantity, may render the 
gas spontaneously inflammable. The hydrogen phosphide may be 
estimated by passing the gas, as it is liberated, through a solution of 
sodium hypochlorite, and precipitating the phosphoric acid formed by 
means of magnesia mixture. If care be taken that all the reagents are 
free from sulphates, the hydrogen sulphide in the acetylene may be 
estimated by acidifying the filtrate from the magnesium precipitate 
and adding barium chloride. It should be observed that the amount 


1 Chevastelon. Compt. rend., 1897, 125, 245. 
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of hydrogen sulphide in different specimens of acetylene yielded by the 
same calcium carbide varies considerably, according to the conditions 
obtaining at the time of preparation. Moreover, the whole of the 
sulphur in the gas does not exist as hydrogen sulphide. 

P. W. Wolff (Chem. Zeit., 1898, 22, 281) states that the tendency of 
acetylene to produce soot can only be avoided by the use of special 
burners, and that the employment of hypochlorites for removal of 
hydrogen phosphides, as recommended by Lunge and Cedercreutz, 
will involve danger when notable amounts of ammonia are present 
in consequence of the formation of nitrogen chloride. The ammonia 
should be first removed by thorough washing. Chlorine and moisture 
may be removed by subsequent treatment with lime. Acetylene thus 
purified has a faint ethereal odour, and does not attack copper or copper 
alloys. The stains on copper fittings when common acetylene is used 
are due to copper phosphide. 

Lewes (J. Gas Lighting, Nov. 30, 1897) states that acetylene is 
much safer when-diluted with other combustible gases. The best 
diluent is a mixture of 30% methane with hydrogen, carbon monoxide, 
or both. This diluting gas when mixed with 10% of acetylene is a con- 
venient substitute for coal-gas. 

Hempel and Kahl (Zeit. fiir ang. Chem., 1898, 11, 53) suggest a 
volumetric method for estimating hydrogen phosphide in acetylene. 
A solution of 15.6 grm. of copper sulphate (CuSO,, 5H.,O) in 100 c.c. 
of water, to which were added 5 c.c. of dilute sulphuric acid (1 volume 
of concentrated acid to 4 volumes of water), was found to be the best 
absorbent. One c.c. of the solution absorbed 8.8. c.c. of hydrogen 
phosphide and 0.2 c.c. of acetylene from roo c.c. of each gas. In the 
presence of mercury and excess of the solution of copper sulphate, the 
diminution of volume resulting from the absorption of hydrogen 
phosphide exactly corresponded to four times the volume present. 
Hydrogen phosphide produced by heating an alcoholic solution of po- 
tassium hydroxide with ordinary phosphorus was mixed in various 
known proportions with nitrogen, and the phosphide determined. The 
mean value was 52.4 per cent., and mixtures of known volumes of this 
mixture and acetylene were examined by agitating it for three minutes, 
in a pipette sealed with mercury, with 3 c.c. of the copper sulphate 
solution. It was assumed that the hydrogen phosphide amounted to 
1/4 of the diminution of volume. The test analyses were satisfactory. 

Detection of Acetylene in Cases of Poisoning.—D. Vitali 
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(L’Orosi, 1898, 21, 217) recommends the following method: A 
sample of blood is mixed with 5 or 8% of pure dry acetone, placed in a 
retort, and distilled into an empty condenser and a set of absorbing 
bulbs containing more acetone. The retort is heated on a water-bath, 
the condenser and bulbs kept cold in ice. The acetone passes over, 
carrying the acetylene with it, and the latter may be identified by its 
characteristic reactions. Hydrogen sulphide and phosphide, which 
often occur in the crude gas, also dissolve in the acetone, and can be 
sought for therein. 

Calcium carbide is prepared by the action of an electric current 
upon a mixture of quicklime and carbon (coke or anthracite coal). 
Pure calcium carbide is brown, but the commercial form is a hard, 
grayish, slag-like mass, which, when exposed to the air, usually 
emits an odour of hydrogen phosphide, and slowly crumbles to a dry 
powder. It is often irregular in quality. A considerable propor- 
tion of free carbon may often be observed in it, and great care must be 
taken in sampling. Water acts violently on calcium carbide, but a 
strong aqueous solution of zinc chloride acts much more slowly. 
Calcium carbide may be used for the detection and estimation of 
water in alcohol, since absolute alcohol is without action upon it. 

A method for the assay of calcium carbide has been published by 
Lunge and Cedercreutz (Zeit. ang. Chem., 1897, 10, 651). 100 grm. 
of the material should be used. The apparatus is a gas holder having 
a capacity of 4o litres, a saturated solution of common salt being 
employed as a seal. In exact work this must be previously saturated 
with acetylene. If plain water be used as a seal, a correction must be 
made for the acetylene absorbed. The action is most conveniently 
carried out in an apparatus arranged to cause the carbide to fall into 
the salt solution by degrees, but the reverse process may be employed. 

Two samples of calcium carbide examined by Lunge and Ceder- 
creutz evolved, as the mean of several tests, 0.1435 grm. (94.1 C.C.) 
and 0.338 grm. (222 c.c.) of hydrogen phosphide per kgm. of carbide, 
respectively. 

Destructive Distillation.—Non-volatile organic substances heated 
without access of free oxygen undergo complex decomposition, by 
which volatile products escape and a residue of impure carbon, 
is left. If the substance consists only of carbon, hydrogen, and 
oxygen, the last two elements are found in the distilled portions, to- 
gether with a great part of the carbon. Sulphur and nitrogen are 
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also principally converted into volatile compounds. Slow heating will 
sometimes produce volatilisation with little or no change. ‘The nature 
and proportions of the substances obtained will be dependent on the 
character of the substance distilled, the temperature of the retort, 
and other conditions; when the heat is moderate, paraffins are 
chiefly produced; but as the higher members of this series readily 
split up into lower members and olefines, the latter are nearly always 
present. By further degradation acetylenes are formed, while 
benzene and its homologues contain a still smaller proportion of 
hydrogen. 

When the temperature is high, hydrogen, acetylene, benzene, and 
naphthalene are the chief unoxygenated products. Thus, coal being 
distilled at a high temperature for the manufacture of coal-gas, the 
condensable hydrocarbons consist chiefly of benzene and its homo- 
logues, naphthalene, etc. At a somewhat lower temperature the 
hydrogen and acetylene disappear, together with most of the naph- 
thalene, while chrysene and a larger proportion of benzene are formed. 

At a dull red heat, such as is employed for the distillation of bitu- 
minous shale, the liquid products are almost free from benzene and 
naphthalene, while little or no hydrogen or acetylene is present in the 
gases. On the other hand, the distillate is rich in paraffins and olefines 
with some anthracene and chrysene; the oxygenised and nitrogenised 
products consist chiefly of substances of the formula C,,H,,,_,OH, and 
other phenolic compounds, and bases of the formula C,H,,_ .N (pyri- 
dine bases), although the corresponding series, C,H, .—. e., benzene 
and its homologues—is almost wholly absent. 

When wood is subjected to dry distillation, the volatile HeOanees 
are practically free from compounds of nitrogen and sulphur. The 
watery portion of the distillate from wood, peat, and lignite has an 
acid reaction, owing to the presence of acetic acid. In other respects 
the products of the distillation of wood, as ordinarily conducted, are 
a mixture of low- and high-temperature products. 

When the temperature of the distillation is low, a large yield of 
liquid products is usually obtained, together with a small yield of gas 
of high illuminating power. At a high temperature a maximum 
production of gas of low illuminating power results, while the propor- 
tion of liquid products is small. The higher the temperature of the 
retort, the larger the percentage of solid carbonaceous residue (coke 
or charcoal) left in it. 
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The three cases afforded in practice by the treatment of coal, shale, 
and wood may be regarded as typical of the changes attending the de- 
structive distillation of organic substances, though others, such as 
bone, rosin, and oil, yield special products of some practical interest. 
Too much stress cannot be laid on the fact that the nature of the prod- 
ucts depends not only on the nature of the substance treated, but also 
on the circumstances under which the operation is conducted with re- 
gard to temperature and other conditions. 

The following table indicates the general nature of the more promi- 
nent volatile organic products of the dry distillation of coal (for the 
manufacture of illuminating gas), bituminous shale, and wood, as the 
processes are carried on in practice. 'To facilitate comparison, the lead- 
ing constituents of American petroleum are shown in juxtaposition: 


Organic products Coal B Sw Wood Petroleum 
Hydrogen, Large, Traces, Large, Present. 
Gaseous Hydrocarbons. | 
METH ATIES Mravccioue cee sa oe siete eis Large, Large, Large, Present. 
Mleinesi oe ciawacamirelesensie st enare< Large, Large, Considerable} Present. 
NCEE VIONESS ole ieresr + ois) piece el bin Gels Present, INONe Tl arehee te aizie! Ils Gee ete 
Liquid and Solid Hydrocarbons. 
EACUIG PATATING, rccieicje evelvien: + oes Small, Large, Absent, Very large. 
DONG MATATINS ccs wceorre sislersele« Traces, Considerable| Present, Moderate. 
Mie Tich OLEANES Hii erere sepa eres kee oe Small, P Wervalarge silo. track culate Considerable 
WAGMICNDSEUOLLNES: arsine coicteioell) eiee ne se tere) ill ersls cos ets eye. Ill systeke-e sane ews | Present. 
Liguidacetylenes.. .:. «tees. o6:e Present, PP PESCTt we oll accaas tence sin ere lll Ieee mete cals 
PSCTEZE OS. cs (0a aco ioce-sis' woete aX Ypaonle Large, Trace, Moderate, Present. 
Naphthalene’ 6 isis disie v.arevs.sue:aeerare Large, None, Moderate, None. 
PATI EHTACEHE sicieeteiere oteve's eleccisscls she Moderate, ETROG ME. a. I) ae trsrae arene Present. 
Chrvsene seis ee piciiais Wisisinieieehe oes Moderate, Considerable} Present, Present. 
Oxygenated Bodies. 
INCOLICCACIG ar iuissshevessveconeio ocetet «nisl s Present, Present, Large eles [boc aayotoies 
Methylialcoholi, scccan cot etic NODE Pee Pi. eroseane. Considerable] .......... 
PPREMOLS eer acre save esd eaarave’ ere Large, Considerable] Moderate. | .......... 
Hydroxyphenols (creosote) .....| ........-. Large, Large ie elon a noe 
Nuitrogenised Bodies. 
PATTI TIOMIG cep tencis cutee oat suoer ac Considerable] Considerable} None. | .......... 
Amilinieibasesicacicac. ats sansa Present, One gee! > ellen chu ceateted lose nase 
PyssGtne DASES cine ale oe afer sie. Considerable] (Considerable! ..22...22. |) s-moser es. 
oN cya (bu asa cotter es ARCOM OPORTO PEESEM EWM pellncsencictavevs Gute, Ally <ouplaps io slevelauw Hl ekevueyeteusnepe = 
Carbs zoleNecmne eiwts were aieisicve wearer PLSSeun me la ill maiishe ateveravetletele sista clhenses,,,|'s atewioteue'e ots 
Sulphur Compounds, Present, Present, None, Present. 


It will be seen from this table that the products of the distillation of 
each of the raw materials contain certain characteristic bodies. Thus, 
oxygenated products are found most largely in the products of the dis- 
tillation of wood; paraffins are especially characteristic of petroleum; 
olefines, and, to a lesser extent, paraffins, of the distillation of shale; 
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while coal-tar, as obtained in the manufacturing of illuminating gas, 
is remarkable for the comparatively large proportion of benzene and 
naphthalene contained in it. 


TARS. 


By the destructive distillation of organic substances and bituminous 
minerals three classes of products are generally obtained—namely, 
gas, watery liquid, and a viscid, dark-coloured oil or tar. ‘The methods 
of assaying the gaseous products do not come within the scope of this 
work. The watery liquid from wood, peat, and lignite is acid, and its 
examination is described in Vol. 1. The watery liquid from the 
distillation of coal, shale, and bones is strongly alkaline, the first of 
these constituting the “‘ammoniacal liquor” of the gas works. 

Tar is a brown or black viscid, oily liquid, of a more or less charac- 
teristic odour, according to its origin; its composition varies widely 
according to its source and the conditions of distillation. Wood, peat, 
and lignite tars are acid; coal, bituminous shale, and bone tars are 
alkaline. On repeatedly agitating the tar with water, the soluble 
matters to which the acid or alkaline indication was due may be more 
or less completely removed. 

All tars consist largely of hydrocarbons, but oxygenised and nitro- 
genised substances are sometimes present in considerable proportion. 
All tar, being of very complex composition, and consisting in the main 
of volatile bodies, the most instructive method of examining it consists 
in subjecting it to careful distillation, collecting apart the distillates 
obtained at different temperatures, and subsequently fractionating 
these products with the view of effecting a more perfect proximate 
analysis of the material. Toward the end of the distillation the tar 
remaining in the retort becomes more and more viscous, and if allowed 
to cool, sets to a solid, brittle, jet-black mass known as pitch. If the 
distillation be pushed further, coke is obtained, and, indeed, in some 
cases distillation always causes coking. 

Tar frequently contains a considerable proportion of water which 
should be separated as far as possible before distillation. This is 
best effected by allowing the tar to stand in a warm place, giving the 
mass an occasional gyratory motion, and removing each quantity of 
water by decantation as it separates. Water causes tar to froth during 
distillation; Mallmann (“ Bitumen,” 1909, 7, 117) states that a tar from 
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which water readily separates on standing will be difficult to distil, and 
vice versa. 

For the method of conducting the distillation, no general instruc- 
tions can be given; much depends on the character of the tar, the 
information desired, the scale on which the operation is to be con- 
ducted, and other conditions. The process should be conducted in 
the simplest suitable apparatus, and the distillate collected in a very 
moderate number of fractions, all refinements of fractional distilla- 
tion being reserved for the treatment of the products first obtained. 
In the first distillations the more volatile constituents are retained in 
the retort by those of higher b. p., and it is only after being separated 
tolerably perfectly from these that they distil at temperatures approxi- 
mating to their true b. p. 

The separation by fractional distillation having been carried out 
as far as appears desirable, a further proximate analysis of the dif- 
ferent fractions may be made into basic, acid, and indifferent bodies. 
Thus, by agitating one of the fractions with dilute sulphuric acid, any 
basic compounds (e. g., ammonia, methylamine, pyridine, acridine, etc.) 
will be dissolved in the acid liquid, and can be recovered by appropriate 
means. On agitating the residual oil with sodium hydroxide solution, 
first dilute, and then somewhat concentrated, any organic acids, phenols, 
or phenolic compounds will be dissolved, and can be recovered by sepa- 
rating the alkaline liquid and adding a slight excess of dilute sulphuric 
acid. The neutral substances which have not undergone solution either 
by the treatment with acid or with alkali consist essentially of hydro- 
carbons. Particular processes are suitable for special purposes. 
Thus, benzene may be crystallised out by subjecting the more volatile 
fraction of coal-tar naphtha to a freezing mixture; naphthalene readily 
separates from oils containing it, especially after removal of the 
phenols by sodium hydroxide; while the presence of anthracene can 
be inferred from the formation of anthraquinone by the oxidation 
of a certain high-boiling fraction of the tar. The hydrocarbons of 
the different series may be successfully differentiated in many cases by 
their behaviour with reagents, especially with bromine, nitric acid, and 
strong sulphuric acid. 

The following sections contain detailed descriptions of the char- 
acters and methods of examining tar from bituminous shale and coal. 
Tars of some other origins are also briefly described. 
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SHALE TAR. CRUDE SHALE OIL. 


The crude oily liquid obtained in the south of Scotland by the 
destructive distillation of bituminous shale is an olive-green, strongly- 
smelling, viscous liquid. The sp. gr. of the product from the old 
form of retorts is 0.890 to 0.894, and from the new kind 0.865 to 0.870. 
The composition of shale oil has not been so thoroughly investigated as 
that of coal-tar, but it has been proved to be of extremely complex 
nature, the following being among the more characteristic and impor- 
tant substances hitherto recognised in it: 

Hydrocarbons of the Methane series; most of the members from 
C,H,. to C,.H6, being probably present. 

Hydrocarbons of the Olefine series; most of the members from C He 
to C,.H,. being probably present. 

Hydrocarbons of the Allylene series; e. g., CeHy., C;H;., and CsH,,. 

Hydrocarbons of the Benzene series; present only in small amount, 
but always found in the oils from modern retorts. 

Only traces of naphthalene and anthracene are found in shale tar, 
but notable quantities of pyrene and chrysene occur. 

Nitrogenised compounds. Shale tar contains ammonia, a considerable 
proportion of pyrroline, and members of the pyridine series (espe- 
cially those of high b. p. and unknown constitution), but neither 
aniline nor any of its homologues has been detected. 

Oxygenated compounds. Besides traces of acids of the acetic series, 
shale tar contains a notable proportion of phenols and hydroxyphenols 
analogous to those present in wood-tar. Thymols and analogous 
bodies have been found in the fraction distilling between 215° and 290°. 

Sulphur compounds exist in shale tar, but their exact nature has 
not been ascertained. Shales containing much sulphur give little 
paraffin wax on distillation, and a low yield of other products. 

The method of treating shale tar on a large scale differs in different 
works, but consists essentially in repeated fractional distillations, 
alternated by treatment of the several fractions with sulphuric acid 
and sodium hydroxide, and sometimes sodium carbonate, together 
with refrigeration of the high-boiling fractions to cause the crystallisa- 
tion of solid paraffin. This is separated from the adhering oil by 
pressure, and the crude paraffin scale which results is purified by ap- 
propriate methods. 

Assay of Crude Shale Oil.—The examination of crude shale oil is 
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frequently required, in order to ascertain the proportions of naphtha, 
burning oil, lubricating oil, and ‘‘scale” or crude paraffin wax it is 
likely to yield on a large scale. The assay is best made by treating a 
known quantity of the oil as nearly as possible in the same manner as 
that employed in the manufacturing process, but working on the small 
scale losses are, of course, very much larger; to diminish these as far as 
possible all vessels, cloths, etc., are rinsed with oils similar to those to be 
handled, and the quantities of acid and alkali used are smaller than in 
the works. Each oil works has its own method of analysis, but the 
general features of the methods are similar, and all use measurements 
in preference to weights, and divide their fractions in a somewhat ar- 
bitrary manner. In a works laboratory the analyst knows fairly well 
what to expect from a particular sample, but when dealing with a 
strange oil it is best to make a preliminary test by distilling a portion 
without steam, collecting all below 150° as “‘spirit”; from 150° to 
300° as “burning oil,” and all above 300° (the thermometer having been 
withdrawn) as heavy oils. The following notes are due to the kindness 
of one of the best known of the Scottish oil chemists. In this process 
all measurements are calculated to 60° F.; the oils are usually measured 
at higher temperatures, and the necessary correction made (the sp. gr. 
is lowered 0.004 by each rise of 10° F. above 60° F.); the solid paraffin 
is weighed and its volume calculated, the sp. gr. in the liquid state at 
60° F. being taken as 0.810. 

1,300 c.C. (20,000 fluid grains) of crude oil freed from water by 
standing at 120° F. are distilled from a copper or cast-iron still, in a 
slow current of superheated steam; this distillation being destructive, 
excess of steam causes too much oil to pass over unchanged, and the 
subsequent treatments give misleading figures. 1,000 fluid grains of 
distillate are taken as ‘‘green naphtha,’’ the remainder as “‘green oil,” 
though some crude oils give, toward the end, so much “gundy” 
(chrysene, etc.) that this is kept separate; ‘‘still coke” remains in the 
retort. The green oil—in a stoppered bottle—is well shaken for 5 
minutes with 0.25% of oil of vitriol (to remove moisture); then, at a 
temperature of 100 to 105° F., it receives 2% oil of vitriol, is shaken for 
a further 5 minutes and allowed to settle for 2 or 3 hours at too to 
120°F. Next, the oil is washed with an excess of sodium hydroxide solu- 
tion of 60° Tw. (1.300sp. gr.), allowed to settle ina warm place, the alkali 
tar removed, and the oil again distilled with superheated steam—40% 
being collected as ‘‘light oil” and the remainder as “‘heavy oil and 
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paraffin.” The heavy oil is cooled slowly (to obtain large crystals), 
first to the room temperature, then in a freezing mixture, wrapped in a 
cloth previously wrung out with “‘blue oil” and pressed at 60° F., giving 
solid paraffin (‘hard scale”) and “blue oil.” The blue oil, after 
treatment with 0.5% of oil of vitriol and with sodium hydroxide, is dis- 
tilled with 1% of dry sodium hydroxide, yielding light oil and lubri- 
cating oil; the 2 light oils—from the “ green oil” and the “blue oil””—are 
mixed, treated with 0.25% oil of vitriol and sodium hydroxide, and again 
distilled. yielding burning oil and intérmediate oil; the intermediate oil, 
treated like the heavy oil, gives a further yield of solid paraffin (‘‘soft 
scale’’). 

The methods of examining the naphtha, burning oil, lubricating 
oil, and paraffin scale which form the proximate products of the distil- 
lation of crude shale oil are described in the section on “Petroleum and 
Shale Oil Products.” 


Blast-Furnace Tar. 


The tar produced by cooling waste-gases from blast furnaces con- 
suming bituminous coal has been examined by Watson Smith (J. Soc. 
Chem. Ind., 1883, 2, 495 and 1887, 6, 583). The sample hada sp. gr. 
of 0.954, and on distillation gave the following results: 


Percentage of products Sp. gr. 


Distillate WelOw reson! wager se me { Waterises* et ete atola 


Oil, 2.9 by volume. -889 
Distillate trom) 236? fo) 300°. 4... 7.0 by volume. O71 
Distillate from 300° till oils solidify... .| 13.0 by volume. .904 
Distillate solidifying on cooling, or soft 16.7 by volume. .987 
paraffin scale. | 
COke iets ao tyes isto elect. Molten eat 20, by, weighty lp ameik eeeens 
ICOSSS ane ane sthii nats aanarteen enone an eeavent 5.5) Dy Weight. olltmnres te. 


On further fractionation and treatment with sulphuric acid and 
sodium hydroxide the following products were obtained: 


Per cent. 

by volume 
WaribaseswsolUble dni sulphuric: acl erin eee eee ene 0.6 
Phenols and tar-acids, soluble in sodium hydroxide........... 5 ies 
INE CEO) ae Rn wae AAEM My Scho Pace gutinags Jk y Se 18.2 
Sobt parafiny scale. <.. 2... tecizeny etomiee enh cen oem Ree ae 5-7 


(Yielding solid paraffin, 0.54%.) 
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The phenolic compounds are further described under the head of 
“‘Blast Furnace Creosote.” 

Of the neutral oils, only an insignificant fraction distilled below 180°. 
The sp. gr. of successive fractions rose from 0.858 to0.980. No naphtha- 
lene could be separated from an appropriate fraction by cooling it with 
ice and salt. The intermediate oils are not specially good as lubricants, 
nor are they suitable for burning in lamps. The fractions distilling 
between 250° and 350° possessed a deep green fluorescence, and closely 
resembled heavy lubricating oil from shale. On treating the soft 
paraffin scale with glacial acetic and chromic acids, solid paraffin was 
obtained, and a large proportion of a pitchy deposit was formed, but no 
anthraquinone, produced by the oxidation of anthracene, could be 
detected. 

Wood-Tar.—The products of the destructive distillation of wood are 
very numerous, and vary much with the nature of the wood and the 
temperature at which the process is conducted. But under all cir- 
cumstances the volatile products are characterized by the large pro- 
portion of oxygenised products contained in them, and by the small 
proportion of sulphur and nitrogen compounds. Among the gaseous 
products are carbon dioxide, carbon monoxide, hydrogen, and some 
methane. The aqueous portion of the liquid distillate, known as 
crude pyroligneous acid, usually forms from 28 to 50% of the weight 
of wood distilled, and contains chiefly acetic.acid, methyl alcohol, allyl 
alcohol, and acetone, with many other substances in smaller proportion. 

The ‘‘tar,” or oily portion of the crude distillate from wood, averages 
from 7 to 10%, and is a complex mixture of various liquids holding solid 
matters in solution. On distillation between 70° and 250°, Russian 
wood-tar yields oils of a density ranging from 0.841 to 0.877, and leaves 
a residue of pitch, consisting of solid paraffin, various resinous matters, 
pyrene, chrysene, and other hydrocarbons of high b. p. 

On redistillation the tar-oils yield the following products: 


Below 100°; fatty acids, sylvane (C;H6O), methyl alcohol, benzene. 

Between 100° and 150°; benzene homologues. 

Between 150° and 200°; benzene homologues, phenols, and hydroxyphenols. 

Between 200° and 250°; phenols and hydroxyphenols, lignoceric acid (C24H,sO2), 
naphthalene, retene, paraffin wax. 


The lower paraffins appear to be absent from the tar, but the per- 
manent gases produced by the distillation of the wood contain methane. 
If the oils of wood tar are exposed to a high temperature, they are 
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partially converted into heavy gaseous hydrocarbons. ‘‘Wood-gas 
is manufactured in this manner, and contains, when purified: 


Pry drogen .2teeic.cis wars gua ecrsretsre eile erate tee stele tepenenetertenaieds 48.7 to 18.7 
Methane’ «.9.4csend aire sre isie eels ores anor ore ene ete tetas Dement need 35.3 to 9.4 
Bthylene ‘and its homologues ene. etree eee eer 10.6 to 6.5 
Carbon monoxide y.q.stiekiac be ao eon ea eer etre 61.8 to 22.3 


80% of the more volatile portion of Swedish wood-tar consists of a 
mixture of 2 terpenes: australene, boiling at 155°; and sylvestrene, 
boiling at about 175°. The most important product from wood-tar 
is the mixture of phenolic compounds known as creosote, the method 
of examining and the nature of which are described later. 

STOCKHOLM TAR, used in ship-building, is the product of a crude 
distillation of the resinous wood of the pine. It contains much resin 
and turpentine, and has applications for which the tar obtained in the 
manufacture of pyroligneous acid cannot be substituted. It has a 
sp. gr. of 1.04, and on standing usually deposits a granular, crystalline 
matter consisting mainly of pyrocatechol. Water agitated with the tar 
acquires a light brown colour and sharp, bitterish taste. The aqueous 
liquid is coloured transiently green by ferric chloride, owing to the 
pyrocatechol; lime water acquires a permanent brownish-red colour. 
When Stockholm tar is heated, water, acetic acid, and impure turpen- 
tine oil are volatilised and ordinary pitch remains. 


COAL-TAR. 


Coal-tar, being a product of destructive distillation, its composition 
varies with the details of the distillation, and there are marked differ- 
ences between tars obtained in the manufacture of coal-gas, and those 
collected at the coke ovens; when coal-tar is mentioned without any 
qualification, that from the gas works is usually referred to. 

Gas-works Tar.—This is a black viscid fluid, with a strong and 
chararacteristic odour; its sp. gr. ranges from 1.10 to 1.25, being most 
frequently between 1.15 and 1.21; at the present time (1909) owing to the 
higher temperatures employed in the carbonisation of coal, the average 
sp. gr. has an upward tendency. 

The first treatment of coal-tar on a large scale consists in distilling it 
and collecting the distillate in three or four fractions. ‘The tempera- 
tures at which the receivers are changed differ considerably in the 
practice of different works, and hence the products are far from being 
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identical. The following table represents three methods of fractiona- 
tion which are largely employed: 


| 
A B C 
Distilling Distilling Distilling 
Product morte Product point,° Product | point,” 
j 
Crude naphtha or oto17o0}| First runnings, otorrzo|| Light naphtha.| o to 110 
light oils. or first light 
oils 
Heavy oils, dead | 170 to 270 || Second light oils.) rro to 210 || Light oil....... I10 to 170 
oils, or creosote Carbolic oils... | 210 to 240 || Carbolic oils ...| r7o to 225 
oils Creosote oils... | 240 to 270 || Creosote oils... | 225 to 270 
Anthracene oils, | above 279 || Anthracene oils,) above 270 || Anthracene oils.| 270 to 360 
IPTCCH <r eeeep ities || lec aves ols PitCH vs seas eeensllW roses taye | eas aan anh Oo Geo ok 


The arrangement on page 23, taken with certain alterations from 
a table published by E. J. Mills, shows the general method of treating 
coal-tar in works employing method C of original fractionation. 

During the first part of the process permanent gases are given off, 
while the fluid distillate consists of ammoniacal water and the most 
volatile constituents of the tar proper, together with sensible traces of 
less volatile bodies, carried over mechanically or volatilised in com- 
pany with the steam, etc. The ammoniacal liquor forms a lower 
layer which can be readily separated from the first light oils. The 
point when the shoot should be changed is indicated pretty accurately 
by a “break” or comparative cessation of distillation, together with a 
peculiar noise known as ‘‘the rattles.’ On further heating the dis- 
tillation recommences, and the second light oils come over regularly. 
The point for again changing the shoot is, in some works, that at which 
a sample of the distillate sinks in water, while in other cases the solidifi- 
cation of the distillate on cooling, from the crystallisation of naphtha- 
lene, is the indication relied on. At a higher temperature a distillate 
is again obtained, which remains liquid on cooling. The commence- 
ment of the anthracene oil period may be ascertained by a thermometer 
immersed in the vapour, but is commonly deduced from the quantity of 
the distillate. It may also be considered to commence at the point 
at which the distillate again deposits solid matter on being completely 
cooled. Sometimes the anthracene oils are subdivided into first and 
second “green oils” and “red oil.” The distillation is sometimes 
stopped when the oil sets to the consistence of butter on cooling, but 
may be pushed as far as possible short of actual coking, the residue 
remaining in the retort consisting of hard pitch, which, after cooling, is 
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run out into tanks. Owing to the fall in the value of anthracene, 
‘however, the anthracene oil fraction is now rarely worked. ‘The dis- 
tillation is stopped at the end of the creosote oil period, and the 
anthracene left in the pitch, which then requires no addition of soften- 
ing oil. 

The proportions of the various products obtained necessarily vary 
largely with the character of the tar distilled and the details of the mode 
in which the operation is conducted. These differ in different works 
and in the same works at different times. 

If the coal be distilled at a low temperature, a considerable amount of 
paraffins and other open-chain compounds are formed; distillation at 
high temperature increases the proportion of closed-chain hydrocarbons. 
At high temperature, however, much carbon is deposited in the free 
state by contact of the distilling substances with the hot walls of the 
retort. The resulting gas is, therefore, lighter than that produced at a 
low temperature. This fact is practically applied in filling large 
balloons. When possible, the engineer works a bench of retorts at a 
high temperature, and thus obtains a gaseous mixture containing 
more methane and free hydrogen, and hence of greater lifting 
power, than a gas from a lower heat. For yields of English tars, 
see pages 26 and 27. 

The general composition of the various fractions obtained by the 
distillation of coal-tar will be regulated chiefly by the b. p. of the leading 
constituents, but the vapour-densities, vapour-tensions, and relative 
abundance of the constituents of the tar also largely affect their be- 
haviour in the still. Thus, naphthalene is always found in notable 
quantity in all the fractions from second light oils to anthracene oil, 
and is even deposited from the purified illuminating gas itself. 
Owing to the high temperatures generally employed in the gas works 
at the present time, the quantity of naphthalene in all the fractions 
coming from the tar is very greatly increased, so that with most tars the 
light oil as well as the creosote fraction will completely solidify on cooling 
to the ordinary temperature. 

Constituents of Coal-tar.—(For a full discussion of the constituents 
and products of coal-tar see M. Meyer, Zeit. Angew. Chem., 1909, 
22, 338 and 391.) The following summary of the more important 
constituents of gas-works tar is compiled from Lunge’s “‘Coal-tar and 
Ammonia,” third edition. ’ 
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I. Hydrocarbons. 


rit bro ho Ao o 8 


Paraffins, CH, to C,,Hs6. 

Olefines, CiH 7 to CHa. 

Naphthenes, GH to CsH,6. 

Acetylenes, C,H., etc. 

Naphthylenes, Co6H,, to CgH,,. 

‘Terpenes,.Cols to seb ze 

Benzenes, CsH¢ to C,H 1,4. 

Naphthalenes, C,,Hs to C,,H:.. 

Anthracene and phenanthrene, and their homologues. 
Pyrene, chrysene, picene, etc. 


{I. Oxygen Compounds. 


a. 


mh Oo a Oo oo 


Water. 

Alcohols (?). 

Acetone. 

Acetic and ‘benzoic acids. 
Phenol and cresols. 
Naphthols. 


III. Sulphur Compounds. 


Bho Seue o © 


Hydrogen sulphide. 

Ammonium sulphide and thiocyanate. 
Sulphur dioxide. 

Carbon disulphide. 

Thiophenes and thiotolenes, etc. 
Mercaptans. 


IV. Nitrogen Compounds. 


a. 


mopron mm 9 Bp 


Ammonia and its salts. 
Alkylamines. 

Anilines. 

Pyridines, CHiN to-C.4H aN (er), 
Quinolines, C,H,N to C,,H,,N. 
Acridines. 

Pyrrole. 

Cyanides and methyl isocyanide. 
Carbazoles, C,,H,N, etc. 
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Assay of Coal-tar.—The assay of coal-tar is usually limited to a 
laboratory operation in which the various fractions are collected as 
nearly as possible under the same conditions as those which obtain on 
the large scale, though the details will necessarily vary with circum- 
stances. With practice, good results are obtained with as small a 
quantity as ro ounces of the tar, the yields corresponding closely with 
those given on a large scale; but the chief value of such laboratory 
operations is for comparing different samples of tar. The following 
mode of operation is that recommended by B. Nickels: 250 c.c. or 10 
ounces measure of the tar is placed in a retort which it only one-third 
fills, so as not to spoil the distillate if there is much frothing during dis- 
tillation. The retort should be supported on a cup-shaped piece of 
coarse wire gauze, placed in an aperture ina sheet-iron plate. Over the 
retort is placed a dome, made by removing the bottom from a tin can 
or bottle and cutting out a piece of the side to allow the neck of the re- 
tort to pass through. This contrivance confines the heat, and prevents 
the distillate or heavy vapour from falling back; indeed, without some 
such arrangement a satisfactory assay of coal-tar in glass is nearly im- 
possible. The products obtained by the distillation are: (1) am- 
moniacal liquor; (2) total light oils; (3) creosote oil; (4) anthracene oils; 
and (5) pitch. In obtaining these fractions, the character of the dis- 
tillate is amply sufficient to indicate the point at which the receiver 
should be changed. No thermometer is necessary, nor need any con- 
densing arrangement be attached to the retort. A powerful bunsen 
should be used, as toward the close of the operation it is necessary to 
maintain the wire-gauze at a red heat. The ammoniacal liquor and 
naphtha are collected together in a graduated cylinder, which is 
changed as soon as a drop of the distillate sinks when collected in a test- 
tube of water. After standing, to allow perfect separation of the am- 
moniacal liquor and light oils, the volume of each is observed, and, if 
desired, the strength of the former can be ascertained in the usual 
way by distillation with lime and titration of the distillate. The 
quantity of light oils is too small for further fractionation. 

The next fraction of the distillate consists of creosote oil. At first 
it will contain much naphthalene, and will probably solidify in white 
crystals on cooling, but afterward a more fluid distillate is obtained. 
At a still later stage a drop of the distillate collected on a cold steel 
spatula will be found to deposit amorphous solid matter of a yellow 
or greenish-yellow colour; the receiver is now again changed, the 
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fraction measured, and, if desired, assayed for phenol and naph- 
thalene, as described in the section on “‘Creosote Oils.” With many 
tars this fraction is semi-solid, and must be measured while quite 
warm. 

The next fraction of the distillate is rich in anthracene, and not 
unfrequently condenses in the neck of the retort as a yellow, waxy 
substance, which may be melted out by the local application of a small 
bunsen flame. 

The collection of anthracene oil is complete when no more dis- 
tillate can be. obtained, and the pitch intumesces and gives off 
heavy yellow fumes. The distilled fraction is then measured 
and cooled thoroughly, and the resultant pasty mass pressed 
between folds of blotting-paper, weighed, and assayed for real 
anthracene by the anthraquinone test. The result is calculated 
into crude anthracene at 30%, a standard which is generally adopted 
by manufacturers. 

When the distillation for anthracene oil is complete, the retort may 
be allowed to cool, and when almost cold its body should be plunged 
into cold water. This produces a rapid surface-cooling and shrinking 
of the pitch from the glass; the latter may then be broken and removed 
by gentle tapping, leaving the cake of pitch clean and ready for 
weighing. 

The following figures, communicated by B. Nickels, show the 
results obtained by the assay of four representative samples of London 
tar. The apparent excess is due to the tar having been measured and 
the pitch weighed: 


A B c D 

Ammoniacalawater cari) oer eter ZAR “lay falf sisi) 5.0 
otallightoils tmatetin kee mone ae 2.5 Seal, Ores ier 
Carbolic and creosote oils’........... 21.3 £77.) eae 20.0 
PAIL OTAGCHG 1011S) venti entert cies 17.0 17.0} £350 13.0 
iethvelo’ (Gagaek, joes Clones) aoe voqaea- 59-4 60.0 | 58.0 62.0 

102.7 TOL. Ts|2O2: 5 103.2 
Pressed anthracene: (....)0....008+ 4. A. Olen palo eas CER ee mee I | Ma 
Containing real anthracene ......... PPA eteas 25.68% 
= 30% crude anthracene in tar ...... 1.8 Meee) E24 fil pete 
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The following are typical analyses of present-day (1909) tars from 
London gas works using Durham coal. 


A | B 

LATVIA GRIN ig a oS a owhdro ho win atin b Wo Bd oats ea acer Br0 Bohs 
Nap Hthamermt acer Hates eens ck cere ghost @ ee mind crore I .63 1.56 
Garbolicgoll Mer mney ce «aye sae wae esa nia ieee er 11.87 12.00 
CTEOSOLCLOll Bmmnem a ttsttia sis 2 aac pete ere ee en ee eee 4.37 4.3 
A AGM ETS YES ECU a ed RnR Terao yee ne es ye ee ee 87 PBI: 
MALIN of Oe eet 2 eee AS ee eee eee HES 3c OSM li mn As Aa 
NEGSGEOMECUISEULALLOMER Pittsas « corsn. rae che ake cme Rtc ws idere meee ccerte 2.71 2.39 

100.00 100,00 


The reviser is indebted to Mr. Ernest F. Hooper for the foregoing 
figures, as also for the following analysis of tar obtained by distilling 
Ruhr coal in a Dessau vertical retort: 


Wide itary miter tant sr sesteieia stages ak essed eae eit ely 
ASME FOUS emgage actor denier cae ths ete diale 48) < Sheseie 3.6 to 338° F. 
Mieditiin Ollsametrate ceeracr ete ast ese Sarees ous 15.5 to 446° F. 
LGA Vi VH OTS Taner wenuctenate’s ylehavcusvsbeaic s-osotietey sc II.6 to 518° F. 
AN MME ENS Chl oS ps0 5 Sowa meen nO ae 20.0\to 7r6° Hb. 
TRC el Sec. crt dial ain octotn Aeoicihia Aa aero 37.0 


Mr. C. C. Tutweiler, chemist of the United Gas Improvement 
Company of Philadelphia, has furnished the following copies of routine 
analyses of coal-tar, made from two typical American coals. 


Spee s27 Water, 13.2% by vol. 
Free carbon, 23.68% by wt. } Dry tar 


Dry tar Distillation test 


Per cent.| Per cent. 


Crude products of distillation by 


y Sp. gr. | Description of fractions 
volume | weight 


Right ous’ (below 33S° Fi.) sr. ese cess. altaya tone aicr ol'sAlerereuctateh, oF : 

Middle oils (338°-518° F.) ...... 17.8 I4.41 0.993 Ygiew, oil and naphtha- 
ene 

Anthracene oils (above 518° F.) .| 37.3 33-40 1.099 Med. red 

CRSP Nie 505 Braue OA each eS Pes REO SPR AO eSOr Meroe. eres Hard, black, and porous 


Mo talve wpvaicters. cle. wia'sksve PRE havens Bia Yd Ro Alone ey Ge 
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Spr er, 12232 Water, % by vol. 


Free carbon, 27.43% by wt. } Dry tar 


Dry tar Distillation test 


Per cent.) Per cent. : E 
Crude products of distillation Sp. gr. | Description of fractions 


y Dy 
volume! weight 


+ 


Light oils (below 338° F.)>...... 0.56 0.37 | 0.8240 | Light green 
Middle oils (338°-518° F.) ...... 15.68 13.55 | 2.004 Red. green 
Anthracene oils (above 518° F.) 29.23 26.34 | 2.220 Dark red brown 
PR GSA Ut varie aroha eusleievel es tsvers seca viiscel| | raPareee: arene S5SOX: US ceveccketes Black and brittle 


PE ORB LS ts cnn a Ste he eee ae 45-47 96.17 


Water is always determined by distillation. This may be done 
in round-bottom glass flasks of ample capacity, but the best form 
of still is probably one of spun copper with a head that is clamped in 
place by a screw. A bent glass tube or, preferably, a connection that 
gives a little space for the return of the vapours before coming to the 
tube going to the condenser is fitted to the head by means of a cork. 
The condenser is a straight glass tube running through a copper 
trough holding three or four liters of water, which can be heated to 
melt naphthalene that might otherwise obstruct the tube. The copper 
retort is heated by a ring burner that can be raised or lowered in posi- 
tion. Twoor three hundred cubic centimetres of tar are weighed into 
the retort after thorough mixing of the sample by pouring from one can 
to another and stirred with the aid of arod. A part of the water may 
separate in the sample can before carrying to the analyst, or it may be 
so intimately mixed with the tar that sampling is readily effected. In 
addition to the tar 50 to 75 c.c. of xylol or mixed coal-tar solvent free 
from water is added. It is perferable to add a distillate boiling above 
that of xyleme, so the mixed distillate with fractions next higher than 
xylene is preferable. After fastening on the cover and making it 
tight with gasket, moistened with a little melted pitch, etc., and con- 
nected with the condenser, the distillation is begun. The distillate is 
best caught in a receiver consisting of a tube about as thick as a burette, 
with a stop-cock at the bottom, and graduated from this point up to 
20.C.C; 

There is a widened portion holding about 100 c.c. This tube, as 
made for the Barrett Manufacturing Company, Phila., U. S. A., is 
fitted with a glass stopper at the top so that it can be used as an agitat- 
ing tube for the sulphonation test according to Dean and Bateman 
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(U.S. Forest Service Circ. 112) and it could be used to estimate phenols 
in crude carbolic acids, etc. The amount of water in cubic centimetres 
as read from the receiver is divided by the cubic centimetres of tar 
taken, as calculated from the weight taken by sp. gr. 

Sp. Gr.—This is best carried out by the method given on p. 95. 

The methods of examining the fractions obtained in the first dis- 
tillation of coal-tar will be described in the sections on ‘“‘Commercial 
Benzols,” ‘‘ Naphthalene,” ‘‘ Anthracene,” and ‘Creosote Oils.” 


COAL-TAR PITCH. 


This is the residue remaining in the still after the first distillation of 
coal-tar, and usually amounts to about 2/3 of the weight of tar operated 
on. Its physical characters depend somewhat on the kind of coal 
distilled and the point at which the distillation was arrested. Thus, 
soft pitch is obtained if the process is stopped when the oils distilling 
have asp. gr. of about 1.090, and hard pitch if it is continued until the 
sp. gr. of the products distilling reaches 1.120. In order to obtain a 
large yield of anthracene, the distillation is sometimes pushed as far as 
possible, and the residual hard pitch diluted with a certain propor- 
tion of creosote oil or anthracene oil, whereby a product of any req- 
uisite softness can be obtained. A compounded pitch of this sort will 
yield a notable quantity of liquid oils when distilled, and, possibly, 
naphthalene, which last is much objected to. 

Soft pitch can be easily kneaded between the teeth, but moderately 
hard pitch with difficulty only, while hard pitch crushes to powder. 
Soft pitch is blacker and more lustrous than hard pitch, which often has 
a grayish tint and is somewhat porous. In the latter case it is partly 
coked, and is unfit for making patent fuel, for which pitch of but 
moderate hardness is preferred. The sp. gr. of hard pitch ranges 
from 1.275 to 1.300. 


Soft pitch softens at 40° and melts at about 60°. 
Moderately hard softens at 60° and melts at about 80°. 
Hard softens at 80° and melts at about 120°. 


Contract notes for pitch intended for exportation to the Continent 
often stipulate that a sample is to “‘twist fairly after immersion for two 
minutes in water at 60°, but not under 55°; must contain at least 53% 
of volatile organic matter; and must be free from any extraneous 
matter, such as sand or grit.” 


30 HYDROCARBONS, ‘ 


The twisting point and m. p. of pitch are ascertained by F. G. Holmes 
by fixing several pieces of the sample (about 1/2 inch cube) on wires, by 
heating the ends of the wires sufficiently to press them into but not 
quite through the pitch, and suspending them, side by side with a 
thermometer, in a beaker containing 500 c.c. of water, which is heated 
at the rate of about 5° per minute. The pitch is taken out from time 
to time, and the twisting point taken as the temperature at which the 
fragment can be fairly twisted round several times. ‘The m. p. is the 
temperature at which the pitch melts off the wire, avoiding premature 
dropping. The wires must be similar—copper wire of 16 imperial 
standard gauge is usually employed. 

The proportion of volatile organic matter in pitch ranges from 47 to 
64%. .It is estimated by gradually heating 1 grm. (in some works, 
5 grm.) of the carefully sampled and powdered pitch in a platinum 
crucible until distillation ceases. The operation should occupy about 
fifteen minutes, and must not be hurried, or the pitch may swell up 
and even boil over the sides of the crucible, leaving a very porous 
residue. A cover with a small aperture in the centre is then placed 
on the crucible, which is placed in a crucible-jacket and further 
heated for ten minutes over a powerful bunsen, and finally for ten 
_minutes over a blast-flame. The residual coke, which should be 
dense and graphitoidal, is then weighed, and the volatile organic 
matter calculated from the loss. With care and attention to details 
the test gives constant results, but otherwise very discordant figures 
may be obtained. The coke may be burned and the proportion of 
ash ascertained if the presence of sand or grit is suspected. 

Pitch testing is, however, in a very unsatisfactory condition, so much 
depending on the personal factor, especially in the twisting point test, 
and it is very desirable that the whole question should be investigated. 


PITCH TESTS. 


The reviser of this section is indebted and Mr. F. E. Dodge, chemical 
engineer of Philadelphia, for the following notes. 


Melting Point. 


Apparatus: 
(a) Mould for making 1/2 in. cubes of pitch. 
(b) Beaker 250 to 300 c.c. capacity; 2.5 in.diameter at the 
bottom. With 200 c.c. of water. 
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(c) Wire for suspending pitch which is bent in the form of 
hook after the cube has been fastened upon it. 

(d) Bunsen burner adjusted so that it will raise the water 
9° F. each minute. 


Operation.—A 1/2 in. cube of the pitch is fastened upon a wire by 
heating the wire sufficiently to force it through the cube; after this 
is done, the wire is bent close to the cube into a right angle and sus- 
pended in the beaker of water so that the bottom of the cube is exactly 
t in. from the bottom of the beaker. 

The water in the beaker should have a temperature of about 60° F., 
and in case of low m. p. or soft pitch, 5 minutes should be allowed be- 
fore applying the heat. 

The temperature of the water is taken by a thermometer suspended 
in the beaker with the bottom of the bulb on a level with the bottom of 
the cube of pitch. 

The temperature is raised 9° F. each minute and the temperature 
when the pitch just touches the bottom of the beaker is considered the 
m. p. 

Softening-point.—If{ the softening-point is also to be ascertained, a 
| larger beaker and 500 c.c: of water is used, and several cubes of pitch 
are hung in the Water. The temperature is raised at the same rate of 
speed, 7. e., 9° F. per minute. Cubes are removed and twisted from 
time to time, and when the cube can be twisted around 2 or 3 times 
without breaking, the softening-point is reached. The test may be 
continued until the m. p. is reached. 

In case the pitch melts above go or 95° (194—203° F.), it will be neces- 
sary to use a solution of calcium chloride in water or brine, in which 
to take the m. p. Glycerin may also be used. It is necessary that 
the pitch have either a heavier or lighter sp. gr. than the solution used. 
In cases where the sp. gr. is lighter the pitch will rise in the solution, 
and when it just reaches to the surface is taken as the m. p. 

Breaking -point.—A 1/2 in. cube of pitch is fastened to a copper 
plate by melting slightly so that it adheres firmly. It is then placed in 
tepid water and allowed to remain 5 minutes. The point of a knife 
blade is then slid along the plate till it touches the pitch, and then 
forcibly and slowly raise the point through the pitch. If the pitch is 
still soft, it will push its way through, but if the breaking-point is 
reached the pitch will scale off with conchoidal fracture. The tempera- 
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ture of the water is slowly lowered by the addition of cold water and 
allowing the pitch to stand for 5 minutes between trials. 

The Slide Test.—A 1/2 in. moulded cube of pitch is placed on a 
grooved copper plate inclined at an angle of 30° and kept in an 
oven at the temperature of exactly 40° (104° F.) for 12 hours. The 
length of the stream of pitch is measured in inches, and is used for com- 
parison of different pitches to be used for a given purpose. The 
grooved plate has several grooves and several samples are usually 
tested at the same time. 

The Evaporation Test.—10 grm. of the pitch are heated in an air- 
bath for 7 hours at exactly 160° (320° F.) and the % loss noted. 

Free Carbon Determination.—1 to 5 grm. of pitch are accurately 
weighed in a weighed extraction thimble, Schleichler and Schull, 
80x22 mm., and first extracted with hot toluol (about 90°). Suspend 
the thimble in a beaker, so that it does not touch the bottom or sides, by 
passing a fine wire through the top of the thimble and pour in success- 
ive portions of toluol, but not into the thimble. After soaking for two 
hours in the toluol, the thimble is transferred to a Soxhlet extractor and 
suspended by the wire so that it does not touch the bottom and ex- 
tracted with hot benzol, occasionally changing the solvent benzol, and 
continuing until the solvent becomes colourless, finally drying the 
thimble and weighing. 

Melting- and Softening-point.—An alternate method is that used 
by Clifford Richardson for asphaltic materials. It is also used for 
pitches, for which it is quite suitable (see page 76). 

The proximate composition of pitch is little understood. It always 
contains small quantities of the higher boiling tar oils, such as naphtha- 
lene, anthracene, chrysene, etc., but the bulk of it consists of fusible 
carbon compounds, of still higher b. p. (termed collectively ‘tar 
bitumen’”’) and in addition, so-called “free carbon” is also present. 
This latter remains behind on successive extraction of the pitch with 
benzene, carbon disulphid, and alcohol, as an infusible black. powder, 
resembling anthracite, but by no means consisting of elementary 
carbon. Thus, Behrens obtained from a pitch 23.54% of such a 
powder, containing 8.19% of hydrogen, and 0.4-0.9% of ash. The 
amount of this “free carbon” increases with the carbonisation tem- 
perature, so that the amount found in tar and pitch is now much higher 
than formerly, as much as 30% being sometimes found in tar, and over 
40% in pitch. 
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The following analyses made by S. S. Sadtler show some of the 
differences between water gas pitch and coal-tar pitch. 


Water-gas | Standard coal- 

pitch tar pitch 
PPE le vacvi ienere bisa eara/o rxkqphis Watt ens. 5 Tae I.29 
SOMeMING=POIntMr cna chon enn es Mis cies 107.3 | 106.8 F. 
LET Nae trestorera ets sis'- otc Seensucck i ees Aataeyteeaennl Teen LA7oo0E ae | eLAT +O Es 
Loss by evaporation at 329° F, during 7 hours..... so25% | 2.51% 
Wercentapelouiree Car DOU tema cise on ete ne coe: 5.43% | 28.80% 
Mistillateiaboversoo0o Clsc askiccne nn came he DEO a 29% 
SS TEEUMON ME TACHONERS sryeynsicisc mctein eticlem a ser aoe (liquid) | (semi-solid) 
Extracted with petroleum ether ................. 10.74% | 7.55% 


COKE-OVEN TAR. 


The rapid spread of patent coke ovens with recovery of by-products 
has, of course, resulted in the production of very large quantities of 
coke-oven tars, and these tars show marked differences from gas-works 
tar. The ovens may be regarded as of two types—first, such as the 
beehive (from which tar is rarely obtained) and the Jameson, where 
air is admitted to the oven; and, second, those (Simon-Carvé, Otto- 
Hilgenstock, and many others) in which the oven is externally 
heated by gas and the access of air prevented as far as possible. Those 
of the first class yield tars very similar to those obtained from blast 
furnaces or by distillation of shale; they are usually lighter than water, 
contain little or no benzene, naphthalene, and anthracene, but consid- 
erable quantities of paraffins. The externally heated ovens, on the other 
hand, yield tars somewhat similar to those obtained from the gas works, 
and are examined and utilised in the same way. ‘The temperatures in 
these retorts are high and the distillation lasting 24 to 30 hours, cracking 
takes place; consequently these tars are poor in light oils, but rich in 
both naphthalene and anthracene. 

The following is a typical analysis of a tar obtained by distilling a 
Durham coking coal in Otto-Hilgenstock ovens: 

The sp. gr. of the tar wds 1.198 and it contained 10.5% of free 
carbon. 1,000 grm. distilled from a copper still gave the following 
fractions: 

Vor, III.—3 
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Amamoniacal JiGuors ep-ejtate viel <'e oe 2.4 

ightoile( tome 70>) kaperyerreir eevee yes A . 

Garbolievoill(£70°=23.0°) kami terion « 8.0 (filtered and pressed gave 3.6 oil and 
4.4 crude naphthalene.) 

Creosote oil (230°=270°) .......... 9.8 (of which 3.3 = oil, 6.5 crude naph- 
thalene.) 


Anthracene oil (270° and upward).. 24.8 (17.8 anthracene oil; 7.0 crude 
anthracene.) 


ite Mees el ics oper dslooie S baeua ae 51.8 
ZOSS aA Me oe aot eistavhere smerantatara + ee 8 
100.0 


Examining the tars from various coke ovens using Durham coking 
coals, and taking 50 gallons of tar for each experiment, Mr. Ernest F. 
Hooper obtained the following figures (private communication) : 


| 
Simon-Carvé Otto Otto-Hilgenstock 

Watered aye cenacmercidslsyete 4.5 4.0 430 
Nia hthagtecsts soa. oreo 0.5 0.6 0.25 
PCE OU Se creme torte 10 a5 Dei 
Greosotejoilea.cs tate I7.4 ty 18.0 
leaviy sOile 2 acvatee ateraenct 18.6 ney | I0.0 
TRIECHUG a tay ion suets <fal« snceoi 58.0 63.0 66.0 

100.0 98.5 I00 0 


WATER-GAS TAR. 


In many illuminating gas plants, particularly in the United States, 
a large portion of the gas is made from carburetted water gas—water 
gas, to which, while incandescent, a stream of petroleum oil is injected. 
The tar from this form of gas-making is quite useful. Benzol, toluol, 
etc., naphthalene, creosote oil and pitch or coke are obtained. It is 
distinguishable from coal-tar in that its sp. gr. is very low, it has little if 
any free carbon, practically no tar acids, and the anthracene oils are 
mostly liquid at the ordinary temperature. The following works 
analyses are furnished by Mr. C. C. Tutweiler. 


Pep. 20, T.092 
Free carbon, trace 


| 


| 
Crude products of distillation ey eee | Sp. gr., | Description of fractions 


Light oils (below 338° F.). ....... 1.39 1.09 .8557 | Colourless 


Middle oils (338°-518° F.) ...... 16.84 14.87 -9585 | Greenish-yellow 

Anthracene oils (above 518° F.)..| 59.23 57.28 1.056 | Deep red 

FResictiutn Ay capes oo laca.z decrees tell Ub eeieleya Cy | (OR es Black and brittle 
Total 77.46 17596) Mil, Seetens 
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Sp. gr., 1.083 Water, 4.25% by vol. 
Free carbon, 0.73% 
ee 


Crude products of distillation Bip y ee Sp. gr. | Description of Fractions 


Light oils (below 338° F.) ....... 3.97 3.68 .9255 | Yellow 


Middle oils (338°-518° F.) ...... 28.44 28.27 -9939 | Yellow 

Anthracene oils (above 518° F.)..| 36.62 39.66 z1.0831 | Dark red green fluores- 
cence 

RECITES yeis ‘ey ceases) atcln piciecs oell! hosteleate pp igdey. - |e Hard, black, porous 


Total 69.03 Os Orel niece 


BITUMENS. 


By 8. 8S. SADTLER. 


Mineral products consisting essentially of a complex mixture of 
hydrocarbons are found in numerous localities, and under very varied 
circumstances. These products, of which petroleum may be regarded 
as a type, occur in all parts of the world, and, like coal, are not con- 
fined to any one geological formation. 

The natural hydrocarbons present every variety of aggregation, 
from the state of gas, as evolved from coal and petroleum, through 
the conditions of a thin mobile liquid, like the naphtha of Persia, the 
viscous tar of Rangoon; the elaterite or mineral rubber of Derbyshire, 
the wax-like ozokerite of Galicia, to the brittle, pitch-like asphalt of 
Trinidad. 

The origin of the bitumens or mineral hydrocarbons is, in many 
cases, obscure. ‘The subject has been treated in an able and ex- 
haustive report by S. F. Peckham,' and has been discussed by many 
writers. Products more or less similar to petroleum and asphalt have 
been obtained by distilling complex animal and vegetable matter out of 
contact of air. All the evidence tends to show that the natural bitu- 
mens are derived from various sources. Peckham has reviewed the 
question (Amer. Jour. Sci., Nov., 1894) and reiterated his earlier state- 
ment. Engler (Petroleum, 2, (1907) 849, 912, 964, and 1o21) has 
recently contributed a full discussion on the subject of the formation 
of petroleum in which all points are considered, including the bearing of 
the optical activity of some oils. His belief at this time is that it has 
come largely from cellulose. ; 

A more recent article by M. P. Delvilde (Mon. sci. du Quesne- 
ville, May, 1907) reviews the inorganic theories of Humbolt (1804), 
Berthelot (1866), Sabatier and Senderens (Compt. rend., 134, (1902), 

1 Report on the Production, Technology, and_Uses of Petroleum and its Products to the 
Hon. C. W. Seton, Department of the Interior, U.S. America. Peckham concludes that all 


bitumens have, in their present condition, originally been derived from animal or vegetable 
remains, but that the manner of their derivation has not been uniform. 
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1187) and contrasts them with the organic theories. This article 
upholds the inorganic theories. The weight of evidence seems, 
however, to be with the organic hypothesis. The chief grounds 
perhaps for this view are the fossil remains occurring in strata in 
which petroleum is native, the presence of nitrogenous compounds and 
the optical activity of many oils. In mineralogy the term bitumen 
includes all natural substances which contain notable proportions of 
hydrocarbons. Peckham proposes the following classification: 


Solid, Asphalt. 
Semi-solid, Maltha. 
Liquid, Petroleum. 
Gaseous, Natural gas. 


The consideration of the different varieties of coal is beyond the 
scope of this treatise. 

Petroleum. Rock Oil. Mineral Oil. 

French—Pétrole. German—Erdél. Spanish—Petrélea. 

Petroleum is a natural oily liquid occurring in the earth at very varied 
depths, and in a great many localities. It is not confined to any par- 
ticular geological formation. Thus, the petroleum of the great Penn- 
sylvania field is derived from the Devonian and Carboniferous lime- 
stone formations. while that of California and Russia is found in ter- 
tiary rocks. Petroleum may not be indigenous to the strata in which 
it is found; in some instances it has undergone distillation or been 
forced from one stratum to another by the pressure of gas and water. 
An exact definition of the term Petroleum can hardly be given. The 
more viscous varieties may be nearly black in colour and contain such 
amounts of oxygenated constituents and sulphur (both free and com- 
bined) that make it partly asphaltic in its nature and hard to distin- 
guish from a maltha. Commercial usage alone will draw the line be- 
tween a heavy black petroleum and thin black maltha. 

Petroleum has now been found or its presence definitely indicated in 
almost every country in the world. It has now been obtained, how- 
ever, on a considerable scale in the Caucasus, on the shores of the 
Caspian Sea, and smaller quantities are produced in Canada, Austria- 
Hungary, Germany, Roumania, and other localities, but the largest 
quantity is obtained from the United States. The last source so over- 
shadows all others, from a commercial point of view, that the following 
description applies chiefly to that product: 

Crude natural petroleum is an oily liquid, varying in density from 
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0.73 to 0.97, the Pennsylvania product ranging between 0.79 and 0.83. 
It has a characteristic odour, sometimes, but by no means invariably, 
disagreeable; its colour varies from straw-yellow to brownish-black. 
Its coefficient of expansion varies considerably with its sp. gr., as is 
shown by the following table: 


Sp. gr. at 15° Expansion-coefficient for 1° 
Under .700 . ©0090 
-700 to .750 .00085 
-750 to .800 .00080 
-800 to .815 .00070 
over .815 .00065 


On a stock of 1,000,000 barrels of petroleum, the shrinkage in 
winter amounts to 7,000 to 10,000 barrels. 

Petroleum is insoluble in water, and but slightly soluble in alcohol, 
but it is miscible in all proportions with chloroform, ether, carbon 
disulphide, and hydrocarbons. It mixes readily with ordinary fixed 
oils, castor oil being an exception (Vol. 2, page 163). All varieties 
are combustible, burning with a luminous, more or less smoky, flame. 

Chemical Composition of Petroleum.—Chemically, crude petro- 
leum consists of a mixture of a considerable number of hydrocarbons 
with small quantities of sulphur and sulphuretted, nitrogenised, and 
oxygenised bodies. 

The nitrogen in crude petroleums and paraffin oil is given thus by 
Beilby (J. Soc. Chem. Ind., 1891, 10, 120): 


Scotch shale oil from: retorts. a. ees eee weil I.160% 
COL Me petrol eurnrOm OZOKerite! samt pata tetaioy fe tain tanhs 0.296% 
American’ petroleum) residuum). 005.2%). Js esse sss 0.080% 
Bakummetroleumorestatmum sere etins reo leery 0.050% 
Bakuypetroleumarrant-.- tice 2m sre i tains erent erate 0.050% 
(Gali ClANROZOKETI LE rs cfexeaasat-fayise JPicee ag SOTA eeu We cee ae 0.188% 
SCOtCMDASIC Lal erring co ee oe Cacti ae ceremeenne 3.900% 
METI CATES GUA tAT. sth s F-f yore ieee serene 0.716% 
Scotchmenucderstill COKE imam te pisvut ye eee er Ewa ele 3.200% 
AMenicanieruce sti lliCOKE! writ lstayarel. stealer este oe 0.375% 


Prof. C. F. Mabery (J. Soc. Chem. Ind., 1900, 19, 504) examined a 
number of samples of California petroleums and found the nitrogen 
_ percentage to vary between 0.23 and 0.88 as determined by Kjeldahl’s 
method. Because of the high molecular weight of the nitrogenous sub- 
stances, they would amount to probably ro to 20% of the weight of the 
oils. These constituents were fractionally separated and their com- 
position as pyridine homologues was established. The bases seem to 
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exist as esters, but are easily set free. The more the bitumens have 
been exposed, the less nitrogen is found. Very little is found in 
asphalts. 

According to Kast and Lagai (Ding. Poly. Jour., 1892, 284, 69), 
all crude petroleums, except that from Tegernsee, contain sulphur 
in amounts varying from 0.136 to 1.87%. Mabery and Smith have 
investigated the nature of the sulphur compounds in California oils 
and find that they are in the form of alkyl sulphides; thiophen and 
mercaptans are absent. 

Mabery and Quayle (J. Soc. Chem. Ind., 1900, 19, 505) investigated 
crude Canadian oils and isolated a series of alkyl sulphur compounds 
by distilling at a pressure of 50 mm. 

Richardson and Wallace (J. Soc. Chem. Ind. 1901, 20, 690) have 
found free sulphur to be the form in which a large part if not nearly all 
of the sulphur in Texas (Beaumont oil) exists. Some hydrogen sul- 
phide is dissolved in the oil and a large amount is formed if the oil is 
heated as in distillation, when it comes off in considerable quantities. 

Petroleum is variable in composition, and more or less volatile and 
mobile according to its content of bitumen and solid bodies. In 
general, it contains about 85% of carbon and 15% of hydrogen, but its 
elementary composition gives no idea of the variety of hydrocarbons 
contained in it. In brief, the constituents of petroleum present the 
following varieties of character: 

(a) Their volatility is very different, for they extend from gases of 
very low b. p. to solids which boil at high temperatures (370° and 450°). 

(0) The volatility of the constituents is usually inversely as their 
sp. gr., the lightest oils being the most volatile. 

(c) The inflammability is a function of the volatility, the more 
volatile constituents taking fire on approach of a flame at ordinary 
temperatures, while the denser and less volatile oils require to be 
heated considerably before they can be inflamed or made to give off 
inflammable vapours. 

The hydrocarbons of petroleum belong to several series, the par- 
affins largely predominating in American petroleum, while members of 
other series are present in relatively large amount in the petroleum 
of other regions. 

Pennsylvania petroleum has been most completely studied. A 
complete series of paraffins, from CH, to C,6H,,, has been obtained 
from it; and the solid members, C,,H;,, C,,Hs6, and C,.H6,, are also 
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present, especially in the oils from the Bradford (Penna.) district. Iso- 
paraffins, as well as the normal forms, exist in American petroleum. 
The paraffins from CH, to C,H,. are gaseous at ordinary tempera- 
tures, and hence escape in admixture with hydrogen from petroleum 
wells, or when the petroleum is stored or gently heated. The mem- 
bers from C;H,, to C,;H,, constitute the greater part of the liquid 
portion of American petroleum, one of the most characteristic con- 
stituents being hexane. Mabery (Proc. Am. Acad. Arts and Sciences, 
32, 121, and 37, 565) has isolated the hydrocarbons of Pennsylvania 
petroleum as well as most of the other oils from important localities. 
The olefines from C,.H.,. to C,,H,, have been isolated by Warren 
from American petroleum, and doubtless other of the higher members 
of the series are present. Gaseous olefines also occur. Naphthenes 
similar to those characteristic of Russian petroleum are also present. 
Benzene and its homologues exist in traces in American petroleum, 
and among the less volatile constituents anthracene, chrysene, pyrene, 
fluoranthrene, and thallene exist in small quantity. 

Natural gas from the Pennsylvania wells has been found to contain 
from 4o to 94% (largely the higher percentages) of methane, CH,, with 
smaller proportions of hydrogen and ethane, CH, and traces of higher 
homologues. Small proportions of olefines are also present. On 
the other hand, the liquid obtained by J. J. Coleman, by the action of 
cold and pressure on the gases produced in the distillation of bitumi- 
nous shale, consisted chiefly of butylene, C,Hsg, pentene, C;H,., and 
hexene, C¢6H,,. Natural gas is employed for manufacturing and 
household purposes in many of the Middle and Western States 
of the United States. F. C. Phillips (Proc. Engin. Soc. Western 
Pennsylvania, Dec., 1898), has found from one to nearly 3% of 
nitrogen in natural gas. 

Canadian petroleum contains various hydrocarbons of the paraffin 
and olefine series, and is richer in aromatic compounds and poorer 
in gaseous paraffins than the Pennsylvania product. Mabery (Proc. 
Am. Acad. Arts and Sciences, 32,156 (1897), and 40, 334 (1904)) has 
shown that the low b. p. hydrocarbons belong to the paraffin series 
and those above 196° to the olefine series. It contains a notable 
quantity of sulphur compounds and traces of benzene and nitrogenous 
basic oils. It yields about 3% of solid paraffin. 

Californian petroleum contains, as shown by Mabery (Proc. Am. 
Acad. Arts and Sciences, 36, 256 (1901)), benzene hydrides, naphthenes, 
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and aromatic hydrocarbons. Sulphur compounds with a notable 
amount of the esters of nitrogenous basic oils have been shown to be 
present by Peckham and others. 

Ohio petroleum is intermediate in properties between Caucasian 
and Pennsylvania oils, and contains the following: Methane, 2 
butanes, pentane, isopentane, hexanes, heptanes, octane, nonane. 
These form less than 10% of the oil. The crude oil contains a large 
amount of sulphur compounds. Aromatic hydrocarbons are present 
in very small amount. The sulphur compounds have a tendency to 
collect in the higher fractions. Mabery has also carefully studied 
these oils (Proc. Am. Acad. Arts and Sciences, 40, 323, 1904). 

Russian petroleum has acquired considerable commercial impor- 
tance. It is chiefly obtained in the neighborhood of Baku on the 
Caspian Sea, but is also found in other parts of the Caucasus. A 
fraction of given b. p. has a higher density than a similar fraction of 
American petroleum or Scotch shale oil, and the viscosity is more 
readily decreased by heat. It usually yields no solid paraffin. 

This petroleum is scientifically interesting from its peculiar com- 
position. Beilstein and Kurbatow could not obtain any products of 
constant b. p., even after nine distillations, nor were they able to ex- 
tract any benzenoid hydrocarbons by treatment with fuming nitric 
acid nor any olefines with bromine. Their researches, as extended by 
Schiitzenberger and Ionine, and by Markownikoff and Oglobini, have 
shown that Caucasian petroleum consists chiefly of a mixture of 
naphthenes, having the general formula C,H,,.. These are isomeric 
with the ephylenes, and with the benzene hexahydrides (so-called 
paraffenes, C,H,,,_5H,), obtained synthetically by Wreden. With the 
exception of the hydrocarbon C,,H.,6, all the naphthenes from CgH,6 
to C,,H,. have been separated from Caucasian petroleum. They boil 
at somewhat lower temperatures than the isomeric olefine and the 
normal paraffins containing the same number of carbon atoms, and at 
approximately the same temperature, as the synthetically prepared 
paraffenes; but the sp. gr. of the Caucasian hydrocarbons are no- 
tably greater than those of the isologous paraffins from American 
petroleum. Thus, while normal octane, CgH,s, boils at 124° and has a 
sp. gr. of 0.7188 at o°, octonaphthene, CgH,, boils at 119° and has a 
sp. gr. of 0.7714. Similarly, C,,H.6 boils at 202° and has a sp, gr. of 
0.7655, while C,,H,, boils at 196° and has a sp. gr. of 0.8027 at 17°, 

The naphthenes do not form nitro-derivatives, and resemble the 
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paraffins in not yielding additive compounds and in being convert- 
ible into chlorinated derivatives from which alcohols are obtainable. 
When oxidised, the naphthenes form oxidation-products, or are con- 
verted into higher isologues. 

The higher boiling portions of Caucasian petroleum probably 
contain hydrocarbons of the olefine and higher series, while 10% of 
the petroleum consists of aromatic hydrocarbons belonging to known 
series, and also a series of hydrocarbons isomeric with styrolene and 
its isologues. These compounds form brominated derivatives, but no 
additive compounds; their aromatic character is exhibited in the 
formation of nitro- and sulpho-derivatives. A petroleum from near 
Tiflis, examined by Beilstein and Kurbatow (Jour. Chem. Soc., 40, 
1020), yielded a fraction of lower b. p. containing the paraffins 
C,H,. to C,Hi6, with a little benzene and toluene. By treating 
the fraction of a Caucasian petroleum boiling between 180° and 
200° with fuming sulphuric acid, Markownikoff and Oglobini found 
that various sulphonic acids were formed, while the hydrocarbons of 
the formula C,H,, were left unchanged. Isomerides of cymene, 
metamethyl-propylbenzene, and probably durene, were present. 
The 240° to 2 50° fraction contained a modification of propylnaphtha-: 
lene (C,;H,,), then C,,H,, and C,,H,, (the last probably belonging 
to the cinnamene series), and finally C,,H,. (? C,;H,.). The petro 
leum also contains neutral and acid oxygenated bodies. A>petroleum 
examined by Markownikoff yielded a fraction boiling between 220° 
and 230°, which contained 5.25% of oxygen. 

The investigation of Russian petroleum is very difficult, owing to the 
facility with which the constituents break up into other bodies on dis- 
tillation, especially during the latter part of the process. When 
passed through an iron tube heated to bright redness, Caucasian pe- 
troleum yields an abundant deposit of carbon, which soon chokes the 
‘ tube, the metal itself being strongly corroded. The volatile products 
consist largely of benzene and its homologues, with naphthalene and 
anthracene. This reaction has been utilized for the production of 
benzene and anthracene from Russian petroleum. 

Galician petroleum, according to Lachowicz, contains a number 
of paraffins and also aromatic hydrocarbons. Pawlewski found in a 
petroleum from Kleczany about 2% of aromatic hydrocarbons, con- 
sisting chiefly of benzene and f-xylene. The fraction boiling be- 
tween 97° and 100° consists chiefly of heptane with some toluene 
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hexahydride, but the presence of xylene hexahydride was not estab- 
lished. The first six fractions obtained by distilling the crude pe- 
troleum on the large scale are not acted on by bromine, but the seventh 
and higher fractions absorb bromine with evolution of heat. Hence it 
is probable that olefines do not pre-exist in the petroleum, but are 
formed during the distillation by the decomposition of paraffins. Hell 
and Meidinger have isolated from Wallachian petroleum an acid 
forming alkalisalts resembling soft soap, Other homologous acids are 
probably present. 

Galician petroleums, according to R. Zologiecki and H. Klarfeld 
(Chem. Zeit., 31, 1155-6, 1170-2), have been found to give the strongest 
indications of having optically active constituents. Consideration of the 
optical activity in petroleum is mainly given because of its bearing on 
the question of its origin. It had been held originally by Engler and 
others that it had come from animal remains, while the discovery 
of the optical properties of certain petroleums has given strong reasons 
for the belief that it has had its source from vegetable as well as from 
animal remains. 

Hanoverian petroleum, according to C. Engler, contains hydro- 
carbons both of the paraffin and olefine series, besides notable quan- 
tities of aromatic hydrocarbons (e. g., pseudocumene, mesitylene, 
and probably hexahydrometaxylene). Sulphur compounds are also 
present. 

Rangoon tar is a heavy variety of petroleum, of a semi-solid con- 
sistency, owing to the presence of about 40% of solid paraffin. By 
fractional distillation, Warren and Storer proved the presence of the 
paraffins from C,H,6 to C,H.,., olefines from C,H, to C,;H.6, besides 
xylene, cumene, and naphthalene. 

The composition of petroleums from other sources has been but 
imperfectly ascertained. The behaviour of some of them on distilla- 
tion is described later. 
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The method of treating crude petroleum for the manufacture of 
commercial products varies considerably with the character of the 
crude article and the practice of the works, but it is always essen- 
tially a process of fractional distillation, sometimes supplemented by 
a decomposing action in the still caused by the hot vapours of the oil 
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striking the colder walls of the stills which condenses it, and as it falls 
back in the hot liquid it is ‘‘cracked”’ or split up into lower boiling 
constituents and correspondingly heavier and high boiling bodies rich in 
carbon. To avoid this “cracking” the tops of the stills are covered so 
as to condense as little as possible, or a more efficient method, namely, 
that of driving the vapours over with superheated steam, is followed. 
The character and proportion of the various products obtained depend 
largely on the nature and source of the oil and the details of the mode 
of treatment, which is capable of considerable variation in detail. As 
a rule, the lighter and more volatile portions are fractionated into a 
number of products, known commercially as cymogene, rhigolene, 
gasolene, naphtha, and benzin; but in many cases the proximate 
separation of the products of the distillation of crude petroleum is less 
complete, only three principal products being made—namely, naphtha, 
kerosene, and lubricating oil. By the present system of manufacture, 
“‘cracking”’ of the heavier oils (see under ‘‘ Kerosene’’), about 75% of 
burning oil, flashing at 20° (68° F.) by Abel’s test, may be obtained 
from some crude American petroleums. The yield of higher-class oils 
(such as would pass English inspection) is smaller, and of ‘‘ water- 
white oil” only from 12 to 20% is obtained. The proportion of 
naphtha obtainable from American oil varies from 9 to 18%, according 
to the age of the oil-producing territory. 

Caucasian petroleum yields very different proportions, the propor- 
tion of burning oil flashing at 32° and of 0.821 sp. gr. being only about 
27%; but a much larger percentage of oil of lower flashing-point or 
higher sp. gr. can be obtained. B. Redwood (J. Soc. Chem. Ind., 1884, 
3, 74), who gives the above figures, also states that the Caspian 
Company manufactures three qualities of the burning oil, of the 
following characters: 


Quality Sp. gr. Flash-point Yield, % 
w 0.815 30° 20 
2 0.820 ’ pa 33 
& 0.821 to 0.822 e22 38 


The following table of products from roo gallons of Russian pe- 
troleum is from information furnished by the Ragosine Company. 
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Products Sp. gr. Gallons 
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Pyronaphtha (flash-point 132°, open test) ...-........-. - 0.858 12 
Ib elorore deter orl 55.9 be u pole tlasiodanc pomoe acon mao oe Cc 10.8g0-.905 a5} 
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Vaseline (not a direct product) ............022---s++. 0.925 I 
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The heavier lubricating oils or “‘oleonaphthas” of the Ragosine 
Company range in density from 0.9905 to 0.920, and have low freezing- 
points. 

The fractions of the crude petroleum obtained by distillation are 
purified by treatment with a limited quantity of strong sulphuric 
acid, and then washed with sodium hydroxide, and finally with water. 
In some works they are then redistilled over sodium hydroxide. In 
Canada the burning oil is treated with a solution of litharge in sodium 
hydroxide to remove sulphur-compounds, and in Ohio copper oxide has 
been used (Frasch process). ‘Texas crude is distilled about the same 
as Pennsylvania oil, and the hydrogen sulphide that is evolved is dis- 
posed of by partial combustion to sulphur or else spray condensers are 
used and the hydrogen sulphide carried off in the water. Texas oil is 
chiefly distilled for gas oil and lubricating ‘‘residuums.”’ 

The following is an outline of the usual process of petroleum distil- 
lation as conducted in America: The oil is heated in large stills holding 
from 600 to 1,200 barrels. The more volatile portions soon come over; 
they are either burnt as gas or, for limited use, condensed by artificial 
cold and pressure. The liquids thus obtained are known as “cymo- 
gene” and “‘rhigolene.” After these, products condensible by cold 
water are obtained, the first portions having a sp. gr. of 0.636, the 
product becoming heavier as the distillation proceeds. (The distillate 
obtained in this part of the operation is usually again distilled, when 
it yields ‘‘gasolene,” ‘‘naphtha,” and “Denzin.”) When the liquid 
passing over acquires a sp. gr. of 0.725 to 0.750—according to the 

_works’ custom—the stream is diverted from the “naphtha” tank to the 
“kerosene” receiver, where it is collected until its sp. gr. reaches 
0.840 to 0.845. The residue is then transferred to other stills, and gen- 


DISTILLATION OF PETROLEUM, 47 


erally to other works, where it is distilled to dryness to obtain lubri- 
cating oils and paraffin. The residue in the still is combustible with 
difficulty, but is used as fuel. If the operation be arrested before 
actual coking occurs, the residue has the characters of thick tar. The 
purification -and fractionation of the first products are conducted in 
much the same manner as with shale oil. 

On the Caspian Sea the distillation of the petroleum is conducted as 
a continuous process, a stream of oil flowing through the entire series 
of 14 or 16 stills heated to successively higher temperatures. This 
method is peculiarly suited for the treatment of Russian petroleum, 
since it yields comparatively little burning oil, and the residue is al- 
most as fluid as the crude oil. The distillate is collected in 2 fractions: 
gasoline and kerosene, the gasoline is re-distilled with steam giving a 
gasoline with gravity of 0.750, sp.gr., and the residue is pumped in with 
the main kerosene fraction, giving kerosene of 6.825. The residue has a 
density of 0.903, and yields on distillation about 35% of lubricating oil 
and ro of “solar oil” (sp. gr. 0.860, flashing-point 105°), the remainder 
being commonly used as fuel. Attempts have been made to employ 
astatki (residuum) for the production of benzols and anthracene by 
subjecting it to a full red heat. Baku petroleum contains little or no 
solid hydrocarbons, but the oil obtained on the other side of the 
Caspian yields as much as 6%. 

Assay of Crude Petroleum.—According to a definition adopted by 
the New York Produce Exchange in 1879, ‘‘crude petroleum shall be » 
understood to be pure natural oil, neither steamed nor treated, free 
from water, sediment, or any adulteration, of the gravity of 43° to 48° 
Baumé” (0.8092 to 0.7865 sp. gr.). The usual range in the sp. gr. 
of the New York crude oil is between 0.790 and 0.800. Each parcel is 
usually a mixed product from a number of wells. 

The water and sediment are usually estimated by mixing the sample 
with an equal quantity of petroleum spirit, free from water, and 
keeping the mixture at 49° (=120° F.) in a graduated glass vessel for at 
least six hours, after which the liquid is allowed to cool and settle for a 
period of not less than 2 hours for light grade oils, increasing to 18 
hours for the heaviest qualities. The estimation of water is preferably 
made by distillation and measuring the water that comes over in thin- 
bore graduated tubes. 

The sp. gr. is generally taken by means of the hydrometer, although 
for accurate work, such as is requisite when oil is measured in bulk and 
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settled for on a basis of weight, the sp. gr. bottle or pyknometer is pref- 
erable. The Westphal balance is also preferable to the use of the 
hydrometer. 

Besides the test for water and the determination of the sp. gr., the 
ordinary characters relied on as commercial tests of the quality of crude 
American petroleum are: Its odour and colour, its feel when rubbed be- 
tween the fingers, and the percentage of naphtha yielded on fractional 
distillation. The crude oil of the New York market will generally 
furnish from 12 to 15% of naphtha of 0.700 sp. gr., and the proportion 
should not exceed 17%. It will yield, in addition, from 9 to 12% of 
benzin of 0.730 sp. gr. and about 60% of burning oil at 0.795 sp. gr. 
The residue contains a quantity of dry paraffin scale equal to about 
2.5 % of the crude oil. 

Fuller’s Earth Test.—Recently Day and Gilpin (J. Ind. and Eng. 
Chem., I, 449-55, 1909) have developed a method of fractional 
separation of petroleum oils by means of clay (fuller’s earth). They 
used for this work tin tubes 5 ft. long and 1.25 in. in diameter, 
closed at the bottom with corks, upon the sides of which were grooves 
to admit the oil. These tubes were packed with fuller’s earth, a little 
at a time, with a ramrod. They were then placed in vessels con- 
taining petroleum and the air in the tubes was removed by a pump 
to facilitate the diffusion. After the oil had nearly reached the top 
of the tubes the clay was removed in sections and treated with water to 
displace the oil. All the oil from one section of the tube is of the same 
colour, irrespective of whether it is the first or the last oil to come off 
when water is added. The sections vary, however, as to sp. gr., 
the first oil collected being the heaviest. 

Besides the selective action of the clay upon the paraffin hydrocar- 
bons themselves, certain constituents of petroleum are held back by 
the clay with great readiness. Such substances are aspl alt and the 
sulphur compounds found in Texas petroleum. 

Unsaturated hydrocarbons do not diffuse as rapidly through the 
clay as the saturated. Substances in colloidal suspension in general 
seem to be held back most readily. 

Assay of Crude Petroleum by Distillation.—The method of Engler 
has been perhaps most generally used. The distillation flask (Fig. r) 
is shown with the measurements in centimeters. Flasks that do not 
come up closely to these measurements should be rejected. The bulb 
of the thermometer is just below the side delivery tube. In making 
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a distillation, wire gauze is used at first as a protection from the flame, 
but after the lightest fractions have come over it is removed and the 
distillation carried on with the naked flame. The heat is so regulated 
that from 2 to 2 1/2 c.c. of distillate pass over per minute. As soon as 
the requisite temperature (150° for the first fraction) is reached, the 


FIG. 1. 


burner is withdrawn until the temperature has fallen 20°. The oil is 
then reheated to the b. p. and allowed to cool as before. This is re- 
peated until no more distillate comes over at this point. The same 
procedure is gone through with at the next point of separation of 
fractions. 
According to the practice followed by Engler, each fraction boiling at 
Vor. II.—4 
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intervals of 25° is caught separately and then the different portions, 
after measurement of quantity, are added together to see what are 
the characters of the different cuts, naphtha, kerosene, neutral and 
lubricating oils. With oils consisting essentially of paraffin hydrocar- 
bons, such as Pennsylvania and Galician oils, the kerosene cut is taken 
from 150° to 300°. In the case of oils of the naphthene series, such as 
Baku oil, the kerosene fraction is taken between the limits of 150° and 
285°. Higher boiling oils cause an excessive charring of the wicks. 
The Engler method will probably be superseded by the method of 
Ubbelohde. 

The Bucharest Congress on Petroleum adopted the method of Dr. 
Leu. Ubbelohde, in which he distils the samples in an Engler flask, 
but does not cool and reheat several times at 150° and 300°, as he 
found the small amounts of vapour would not be sufficient to give the 
correct thermometer reading. He distils at a uniform rate of 2 drops 
per second and by comparison with distillations using dephlegmators 
he observed that he obtained more reliable results than by Engler’s 
method. He did not think the use of dephlegmators was as neces- 
sary for kerosene as they were for benzin. In using this method the 
bulb and flame must be protected from air draughts. 

Another form of distilling apparatus is that of Regnault, which is 
much used in France. It consists in a copper retort, passing into a 
metallic condenser, which terminate above and below in narrow tubes. 
The condenser is fitted into a cylinder, containing water. The 
apparatus is compact and convenient to use, 

Dephlegmators are sometimes used to secure a more complete 
separation of the constituents of petroleum. While it is true that it 
does serve this purpose if well constructed, it is probably better for 
the sake of uniformity to adhere to the method of Engler or Ubbelohde, 
just described. Uniform results can be obtained with them in the 
hands of different operators. Dephlegmators differ in construction, 
and differences in operation have large influence upon the results 
obtained with their use. 

Sp. gr. tests of fractions are made by means of a pyknometer 
or Sprengel tube (if the amount is small). A small thermometer 
plummet is often used to examine distillates, with good results, 

Some useful hints on the assay of crude petroleum have been pub- 
lished by Nawratil, who has examined a number of Galician petro- 
leums. He distils 500 c.c. in a glass retort. The distillate collected 
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below 150° is regarded as light oils or naphtha, that from 150° to 300° 
as burning oil, and that from 300° to 400° as heavy oils. The sp. gr. 
of the original samples (18) ranged from 0.902 (Harklowa) to 0.799 
(Kenczany), and the proportions of the several fractions showed 
similar variations. The light oils varied from 43.5 to 3.4%, the 150° 
to 300° fraction from 45.4 to 29.2%, and the heavy oils from 56.7 
to 22.8%, 

Determination of the Calorific Value.—While some authorities 
recommend the calculation from the results of an ultimate analysis, it is 
probably best to make a direct determination in a standard form of 
calorimeter, such as the Mahler bomb. The operation of this 
instrument is detailed in various works on fuels. 

Of course, full directions for use are supplied with each 
instrument. . 

The calorimeter devised by S. W. Parr can be used, if it is properly 
standardised by comparison with some hydrocarbons of similar con- 
stitution. This calorimeter is more suitable, however, for coal. 
The Rawle (J. Soc. Chem. Ind., 1907, 26, 665) instrument has been 
gaining favour in England, as being specially adapted for liquid fuels. 
A cut accompanies the article. ; 

To extract solid paraffin from crude petroleum, Sadtler mixes the oil 
with several times its volume of ether, and places the liquid in a freez- 
ing mixture, when ‘‘almost all the dissolved paraffin will separate, and 
can be filtered off.’”? For other than Pennsylvania crudes precaution 
must be taken to separate out any asphaltic bodies or they would 
contaminate the paraffins (see Holde-Richardson method, page 104). 

The flashing point of petroleum is an indication of considerable im- 
portance, but is more especially connected with the examination of 
refined petroleum or kerosene, under which head the subject is fully 
discussed. 

Estimation of Sulphur.—The standard method for the estimation 
of sulphur in crude petroleum has been, and probably still is, the method 
of Carius. It consists in oxidizing the entire sample of oil with fuming 
nitric acid in sealed tubes of hard glass at temperatures around 200°. 
This method is often found very troublesome due to the bursting of 
tubes. Several other methods give practically identical results if 
properly carried out, but at the same time the method of Carius will 
always be the standard method. A brief description of the method is 
given on page 85. 
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The only other method that can be considered practically as reliable 
as that-of Carius is the combustion of the oil in a bomb calorimeter. 
Methods that are more suited for rapid routine work are that of Ma- 
bery; an adaptation of the Burton-Sauer method, and one the reviser 
of this section has found useful in certain cases. The Mabery method 
(Proc. Amer. Acad., 31, 1 (1896)) consists in burning the substance con- 
tained in a porcelain boat in a current of air or oxygen, which enters 
the combustion tube containing the boat by a small tube of hard glass 
which is continued beyond the boat to a restriction about midway in 
the tube. Air also enters the combustion tube through another tube 
passing in a little beyond the double-bored stopper that carries the 
longer tube. This air carries oil vapours, which come from the oil due 
to heat applied carefully below the boat, to the restriction where they 
meet the main body of air. Beyond the restriction the tube is heated 
to redness. The sulphur is burned to sulphur trioxide and is ab- 
sorbed in a dilute sodium hydrate solution contained in a large U-tube 
partly filled with glass beads. It is rather difficult to get a proper ad- 
justment of rates of flow, temperatures, etc., unless a person has worked 
with the method quite a while, and the reviser found that more ready 
combustion could be obtained if a wad of platinised asbestos were 
placed ahead of the constriction or, better yet, between two of them, 
leaving space an inchin length. This catalyser causes an intensely hot 
spot, locally, where the oil vapours and the air meet, and theeviser was 
able in that way to burn Texas oils, which otherwise seemed to be very 
difficult to burn by the ordinary Mabery-Burton-Sauer method. This 
difficulty seemed to be due to the force of gas due to the rather sudden 
liberation of hydrogen sulphide from the action of sulphur on some of 
the hydrocarbons, when the proper temperature was reached. 

A different method brought out by the “Reviser” (J. Amer. Chem. 
Soc. (1905), 27, 1188), known as the double crucible method, is found 
very useful for determining sulphur in crude oils and residuums which 
contain sulphur in excess of 1%. It has been found satisfactory for 
analysing Texas crudes, and compares favourably with the Carius 
method. 

The crucible is shown in Fig, 2.1. The substance is first weighed into 
the inner crucible, which is placed open end up on the balance pan. 
About 1 grm. of sulphur compound containing 1% sulphur is taken. 

Enough Eschka mixture is then put in to absorb the substance, if 


1Cut reproduced from J. Amer. Chem. Soc., with permission. 
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a liquid, or mixed with it in any case, and then filled to the top with 
moderate tamping. 

Freshly ignited white asbestos (a) is then put around the raised 
portion of the bottom of the outer crucible to keep the two crucibles 
from being in actual contact. It is then lowered over the inner 
crucible and then both crucibles inverted. Eschka mixture is 
then put in between the crucibles. The outer crucible is then put 
through a hole in a piece of thin but firm asbestos board so that very 
little, if any, of the sides can be exposed to the direct action of the flame. 


Sa ER ee 
Je NRG AL PHN 
"a Mer ee ly 


HIGs 25 


The outer crucible is made with straight sides like an inverted 
truncated cone. 

A very small pointed flame of a Bunsen burner is now used so that 
the flame is chiefly in the indentation on the bottom (6). If gases do 
not come off from the crucible in three to five minutes with this flame, 
the heat is increased, and when no more odour is noticeable the crucible 
is placed in a piece of asbestos having a larger hole, so that half of the 
crucible may become red-hot and is kept so for 10 minutes. The flame 
is then withdrawn, and when cool the inner crucible is carefully raised 
and tapped, so that its contents are dropped into the outer one, when 
the carbon is burned out with a shield of asbestos to protect the con- 
tents from the sulphur gases of the flame. 
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The contents of the crucibles are then washed into a beaker. Brom- 
ine is added to oxidise sulphites, etc., the solution is filtered, acidified, 
and precipitated with barium chloride as in the case of determinations 
of sulphur in coal. 

Asphaltic matters in crude petroleum are determined by D. 
Holde (Lunge’s Chem-tech. Untersuchungsmethoden, Berlin, 1900, 
3, 7), with benzin and with alcohol-ether as follows: 

1. Benzin method is carried out by taking 1.5 to 3.0 grm. of the 
oil in a litre flask, of colourless glass, and adding 300 to 500 c.c. of 
benzin of the lightest grade (gasoline 88°, Beaumé) and shaking well. 
It is allowed to stand at least 1 day. The supernatant solution is 
then decanted through a filter and finally the precipitated asphaltic . 
matter. The filter is thoroughly washed with gasoline and then the 
asphalt dissolved in sufficient hot benzol into a tared flask. After 
evaporating the benzol, the residue is weighed and considered as 
asphalt. 

2. A somewhat different result is usually obtained by using alcohol- 
ether (4-3) as a precipitant. 1 to 2 grm. of the oil are taken and 4oc.c. 
of the alcohol-ether mixture are added in a stoppered flask and well 
shaken. It is then allowed to stand 2 or 3 days. 

The asphaltic material is filtered as in the case of the gasoline 
method and the asphalt washed with alcohol-ether (4-3) both on 
the filter and in the flask. It is then dissolved with hot benzol and 
weighed. 


OZOKERITE. 


This substance, known also as cerasin, cerite, or mineral wax, 
usually occurs in the neighborhood of petroleum springs, and in as- 
sociation with bituminous sandstone, clay-schist, gypsum, and common 
salt. Though not very abundant, ozokerite occurs in many parts of 
the globe, the most remarkable and best-known deposit being that in 
the miocene rocks of Galicia, on the slopes of the Carpathian Moun- 
tains, and also on the Wallachian side of the range. It is also worked 
on the island of Tscheleken in the Caspian and at Swatoi-Astrow, near 
Aphesron, where a variety called neftgil is found. It exists also in 
Turkestan, and a valuable deposit has been found in Utah. Its com-_ 
mercial interest is chiefly as a source of cerasin, though liquid hydro- 
carbons are also obtained by the distillation of the inferior kinds. 
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According to Brannt (‘‘Petroleum and Its Products,” 400), Sauer- 
landt has found ozokerite to contain: 


Volatile hydrocarbons, 
Paraffins melting at from 60° to 70°. 


Waxy resins, 
Bituminous resins, Oxygenated, 


Coke. 


Crude ozokerite varies much in appearance. The finest varieties 
are transparent, of a pure yellow or greenish colour, and can easily 
be kneaded between the fingers. Crude Galician ozokerite is a scaly 
or waxy substance, with a resinous fracture. It is usually brittle, but 
as hard as beeswax. It becomes negatively electric by friction and 
exhales an aromatic odour. According to Lach (Chem. Zeit., 13, 831), 
the so-called ozokerite from Colorado does not yield cerasin, but is 
suitable for paraffin making. It begins to distil at 360°, and yields 
go% paraffin and oil and about 5% of residuum. Caucasian ozokerite 
yields about 58% of a second-quality cerasin. 

Inferior kinds of Galician ozokerite are black and soft, or hard, with 
a fibrous structure and conchoidal fracture, varying in colour from yellow 
(‘“‘butter-stone’’) to black. Some pieces are as hard as gypsum, and 
are dichroic, the transmitted light being a pure yellow, and the re- 
flected dark green. The m. p. is very variable, ranging from 58° to 
100°. The raw ozokerite occurring on the island of Tscheleken, in the 
Caspian Sea, is a brownish-black sticky mass, almost entirely soluble 
in boiling benzene. On extracting it with ether, the oily portion and 
colouring matter are dissolved, leaving a hard residue. On boiling 
this with acetic ether, the paraffin is dissolved, and by repeated treat- 
ment with animal charcoal, etc., may be obtained in lustrous crystals, 
melting constantly at 79°, and containing 85.10 of carbon and 14.57 
of hydrogen (Beilstein and Wiegand, J. Chem. Soc., 44, 1073). 

Ozokerite is separated from the gangue by being melted, and, 
after being pressed, is treated with alkali and filtered through fine 
animal charcoal. Frequently both acid and alkali are used in the 
purification of ozokerite; fuller’s earth and magnesium silicate have 
been substituted for the charcoal. The charcoal used is preferably the 
fine carbonaceous residué produced in the manufacture of potassium 
ferrocyanide (cyanide black). The purification of ozokerite with 
sulphuric acid is attended with considerable loss, owing to the action 
of the acid on the oxygenated bodies present. Peritz obtained from 
75 to 82% of crystallised paraffin from Boryslaw ozokerite, and 9 to 
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13% of light oils. Ozokerite refined in England yields nearly 70% of 
white paraffin. The purified substance constitutes cerasin, which 
name should be confined to the solid paraffin obtained without dis- 
tillation. Inferior ozokerite is usually distilled with superheated 
steam, when it yields paraffin wax, lubricating oil, naphtha. Galician 
- ozokerite yields on distillation about 25% of petroleum, 21 of lubrica- 
ting oil, and 36 of solid paraffin. A higher yield might doubtless be 
obtained by improved manipulation. B. Redwood (J.Soc. Arts, xxxiv, 
886) gives the products as 5% of gaseous hydrocarbons, 3% of naphtha, 
6 of semi-solid “‘ozokerin,” 12 of soft paraffin (melting at 44° to 46°), 
distilled ozokerite (melting at 61°), and a black waxy residue. The 
following are the products obtained by the distillation of Caspian ozok- 
erite (neft-gil), according to Grabowski: 2 to 8% of benzin, 15 to 
20% of naphtha, 15 to 20% of heavy oils, 36 to 50% of solid paraffin, 
and ro to 20% of coke. 

Sometimes the products are less carefully differentiated, the chief 
being: 


30 to 40% of benzin of 0.73 sp. gr., and 
50 to 76% of solid paraffin melting at from 60° to 70°. 


The crude ozokerite is worked up for cerasin, paraffin being ex- 
tracted from the residue, which then forms ‘‘ozokerite pitch.” In 
distilling for paraffin, a burning oil comes over at 150°, the fraction 
200°—-300° consisting of a mixture of heavy oil and paraffin, and being 
worked up for the latter or for vaseline, while the chief yield of paraffin 
comes from the fraction 300°-350°. The average yield of the various 
distillation products is, at Boryslaw: Light oil (up to 150°), 6%; heavy 
oil (150°-300°), 32%; paraffin, about 55%. 

Assay of Crude Ozokerite.—According to B. Lach (Chem. Zeit., 
1885, 905), for the valuation of crude ozokerite 100 grm. of the 
sample should be treated with 20 grm. of fuming sulphuric acid in a 
tared basin. The mixture is heated to 170° to 180°, and continuously 
stirred till all sulphur dioxide has escaped. On reweighing the basin, 
the loss is said to represent the volatile constituents—namely, petroleum 
and water. No allowance appears to be made for the loss due to the 
formation of sulphur dioxide and possible volatilization of sulphuric 
anhydride. Probably a better plan would be to dilute the mixture, 
and separate and weigh the paraffin. Lach further directs that 
another quantity of 100 grm. of the sample should be treated with ro 
grm. of the carbonaceous residue from the manufacture of potassium 
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ferrocyanide, which has been previously dried at 140°. A tenth part of 
the mixture (11 grm.) is then weighed into a tared paper thimble, and 
extracted with petroleum spirit, boiling between 60° and 80°. The wax 
is estimated from the loss, or recovered by evaporating the solvent. 
This result would probably be high while the first method of Lach 
would undoubtedly be low, therefore it seems that the suggested 
modification of the first method would be the best to follow. 

Refined ozokerite or cerasin usually melts between 61° and 78°, 
is quite odourless and colourless, and has a waxy section. A variety 
manufactured in Frankfort-on-the-Oder is said to melt at 83°, and to be 
so hard as scarcely to yield to the finger-nail. Cerasin possesses the 
general characters of paraffin wax. The commercial samples are some- 
times artifically coloured. 

Cerasin may be distinguished from bleached beeswax by its lower 
sp. gr. and by its resistance to alcoholic potash, no trace of saponifiable 
matter being present. In mixture with beeswax, cerasin may be de- 
tected and approximately estimated by the methods given in Vol. 2, 
page 258. 

Ozokerite vaseline is obtained by allowing melted ozokerite to 
pass through 12 to 15 filters of animal charcoal, or through double 
that number if a perfectly colourless product be required. The mass 
is then treated, for 3 to 4 hours, with superheated steam (250°). 
About 25 to 30% of product is obtained. 


ASPHALT. 
Asphaltum. Mineral Pitch. 


German—Erdpech. French—Asphalte. Spanish—Asfalto. 

Under the term asphalt is included a considerable number of 
natural products, consisting largely of compounds of carbon and 
hydrogen mixed with substances containing oxygen, nitrogen, and 
sulphur, also some mineral matter. A portion of this mineral mat- 
ter sometimes exists in combination with the oxidised or sulphur- 
ised substances, forming compounds analogous to those produced by 
resins. Such compounds may dissolve in the liquids employed for 
the fractionation of the asphalt in analysis, and thus error arise from 
computing the loss by solution as due entirely to bituminous matter. 

Prof. S. F. Peckham describes asphalt as follows: ‘‘The natural 
bitumen, which is known as asphalt, is composed, as far as we have 
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been able to learn, of unsaturated hydrocarbons and their sulphur 
derivatives with a small amount of nitrogenous constituents. Asphalt 
may, therefore, be defined as any hard bitumen composed of unsat- 
urated hydrocarbons and their derivatives, which melts on the applica- 
tion of heat to a viscous liquid; while a maltha or soft asphalt may be 
defined as a soft bitumen which, on heating, leaves an asphalt, or be- 
comes by natural causes converted into one. The line between the 
two classes cannot be sharply drawn. 

“Asphalts are distinguished by the large amount of sulphur they 
contain, and it is to its presence that many of the important character- 
istics and perhaps, in part, the origin of this form of bitumen is due. 
The soft asphalts or malthas contain much less sulphur than the 
harder ones, if the former are rich in sulphur, they are then in a’transi- 
tion stage and would eventually become hard.” 

Deposits of asphalt occur in all parts of the world; each locality 
yields a material more or less distinct in character. Of late years 
much attention has been paid to the analysis of asphalt, especially 
in the United States, owing to the discovery of new and important 
local deposits and the extensive introduction of asphalt-paving in 
American cities. This paving is often merely an asphaltic mixture, in- 
ferior to the rock-asphalt employed in Europe. Even mixtures of coal- 
tar pitch, and petroleum residuum without true asphalt have been used. 

Natural asphalts exhibit wide differences in composition. Some 
forms (rock-asphalts) consist of limestones or sandstones saturated 
with bituminous matter. In other cases but little mineral matter is 
present, and in still other cases the mineral matter is abundant, but is 
simply mixed with the bituminous material and does not produce a 
rock-asphalt. 

Blake (Trans. Amer. Inst. Min. Eng., 1889-90, 563) gives the 
following list of the principal localities of the several types of asphalt: 


Mixed with calcium carbonate ...Seyssel; Val de Travers; Lob- 
sann; Illinois. 

Mixed with sandstone........... California; Kentucky; Utah. 

Mixed with earthy matter (clay)..Trinidad; Venezuela; Cuba; 
California; Utah. 

IBISUMUNOUSSCRIStS aor sek wean Canada; Kentucky; Califor- 
nia; West Virginia. 


Some asphalts, such as Trinidad and Bermudez, are submitted to a 


refining process before being marketed. This consists in heating the 
crude material in large kettels to not over 200°, by which much water 
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and some volatile matters are removed, portions of the earthy materials, 
principally clay and sand, allowed to settle, and some of the non-bi- 
tuminous organic substances collect as a scum and may be removed. 
Petroleum residuum may be added during this operation, which will, 
of course, increase the amount of bituminous matter, especially that 
soluble in petroleum spirit, and produce a strongly fluorescent solution. 
Although asphalts have been used for a long period in engineering 
work, the first scientific investigation seems to have been made by 
Boussingault (Ann. d. Chim., 64 (1837), 141; also Compt. rend., 
Meeting of Sept. 16, 1836), who, in 1836, examined a viscous material 
from Pechelbronn. He tried several solvents, but relied more upon a 
process of distillation in an oil-bath, by which he obtained a liquid to 
which he gave the name “‘pétroléne.’’? He assigned to this a composi- 
tion of Cg,H»6, (C=6), pointing out that it was isomeric with oil of 
turpentine. The non-volatile portion he designated “‘asphalténe,”’ 
and assigned to it the formula Cg,H¢,06 (C=6,0=8), but recognised 
that oxidation had occurred during the distillation, and that therefore 
the proportion of asphalténe obtained was in excess of the true amount. 
From an ultimate analysis of the material, he computed that the pro- 
portions of pétroléne and asphalténe were about 85.4 and 14.8, re- 
spectively. He also made a brief examination of the asphalt of 
Coxitambo. . 
Boussingault’s methods are not now used, but by a curious misappli- 
cation, the terms petrolene and asphaltene have been applied to the prod- 
ucts obtained by the use of solvents. Efforts have been made to 
establish standards for judging of the value of an asphalt for engineer- 
ing uses by means of these methods. Carbon disulphide is sometimes 
used to determine the total bitumen, all organic matter left undis- 
solved being regarded as non-bituminous. For the fractionation of the 
bituminous matter, petroleum spirit, ethyl ether, acetone, boiling oil 
of turpentine, chloroform, and benzene have been employed. Usually 
the portion soluble in petroleum spirit, ether, or acetone is called 
petrolene, and that insoluble in either of these liquids, but dissolved by 
boiling turpentine and cold chloroform, is designated as asphaltene. 
The organic matter insoluble in any of these solvents, and also in car- 
bon disulphide, is considered as non-bituminous, and is thought to be 
objectionable if present in notable proportion, rendering the paving 
mixtures liable to rot in the gutters. It has also been stated that clay 
will tend to produce disintegration. Many engineers have adopted 
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or accepted limits of the proportion of petrolene to asphaltene in 
asphalts intended for paving purposes. Thus, Tillson (Trans. Amer. 
Soc. Civ. Engin., 1897, 214) accepts any refined asphalt that contains 
from 50 to 60% of bitumen of which not more than 25 to 30% is 
asphaltene. This does not apply to rock-asphalts, which may con- 
tain less than 10% of bitumen. Petrolene is regarded as acting as a 
. solvent on the asphaltene. 

The calcareous asphalts have a deep brown or black colour, and 
break without any sign of cleavage, the fracture being earthy and 
very similar to chocolate both in colour and appearance. When 
long exposed to the air, the surface acquires the appearance of ordinary 
limestone, but on fracturing the specimen the interior will be found 
unchanged. The proportion of bitumen cannot be judged from the 
appearance. 

The average sp. gr. of rock-asphalt is about 2.23. It is very hard 
and sonorous when cold, and may be broken with a hammer. In 
summer it is softened by blows to a kind of paste, and at 50° to 60° 
falls to powder. Some rock-asphalts, such as that of Lobsann, con- 
tain a volatile oil which renders them greasy. This oil may be re- 
moved by distillation, after which the asphalt is fit for use. 

Good rock-asphalt has a fine and homogeneous grain, and no 
particle of white limestone is visible. The rock is often streaked, 
while other samples contain crystals of calcite of considerable size, 
but impregnated with bitumen like the matrix, which is an impor- 
tant characteristic. Bad qualities are imperfectly impregnated, or 
contain so small a proportion of bitumen as to render it difficult to 
work them. The presence of clay spoils the homogeneous nature 
of the asphalt, and causes fissures. 

When intended to be used for paving, the Val de Travers, Seyssel, 
and other rock-asphalts are often melted with a certain proportion of 
rich native asphalt, such as Trinidad pitch, the product being called 
‘‘mastic.”” The mastic is often mixed with a further proportion of 
bitumen, residuum, shale oil, and mineral matter. 

Composition of Rock-asphalts.—The following data are com- 
piled from various sources, as indicated. The detailed statement of 
the mineral ingredients is given somewhat vaguely in some of the 
reports, but the principal ingredients will serve for comparison. The 
loss at or about 100° is designated by some analysts as water, but it may 
include bituminous matters: 
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Composition of Soft Asphalts.—The natural asphalts other than 
the true rock-asphalts show great differences in composition, both 
as regards the proximate constituents and the nature and amount 
of mineral matter. The following table includes the more impor- 
tant forms. ‘The total bituminous matter has usually been estimated 
by solution in carbon disulphide, or by successive extraction with 
petroleum spirit, boiling turpentine, and chloroform. ‘The mineral 
matter is mostly a ferruginous clay. The ash, obtained by burning a 
known weight of the asphalt, does not represent exactly the mineral 
matter in the original material, but the difference is not important, as 
at present the details of its composition have no practical value. A 
group of analyses of Trinidad asphalt are here given as reported by 
Clifford Richardson (J. Soc. Chem. Ind., 17, 13 (1898). 


CRUDE LAKE PITCH. 


| 
Percentage soluble in Percentage of total bitumen only 
soluble in 
Boiling F | Boiling 
Petroleum spirits Chloro- | Total bit- | Petroleum spirits Chloro- 
ether turpen- form umen ether turpen- form 
| tine tine 
| | 
Average 35.2 I2.4 5.2 52.8 66.8 23.3 | 9.9 
| 


1 Trans. Amer. Soc. Civ. Engin., 1897. 2 Rep. to Geol. Survey of Ky. (data from German 
sources). %Ind. Org. Chem. 4 Ann. Rep. State Mineral. of Calif., 1890; average of fourteen 
samples. 5J.A.C.S.,1894and 1896. Present asiron sulphide. ‘4 Total mineral matter; 
the details of composition are not given, except that Turrelite is stated_to consist largely of 
sea-shells cemented into a mass by the bitumen. 
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CRUDE LAND PITCH. 
Average Bgn3 IL.9 | 6.5 Shey | 64.7 23.0 I2.3 
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AVERAGE COMPOSITION OF TRINIDAD LAKE PITCH FROM THE 
BORING. 


54.66 | 35.90 | 9.44 | 31-53 57-67 


AVERAGE COMPOSITION OF LAKE PITCH, DRIED (IN VACUO), 
KEARNEY COLLECTION. 


Bitumen- ; 
Bitumen-soluble CS?, Mineral mat- | Organic, not soluble eee au: 
/o ter, % soluble., % petroleum % ’ 
naphtha, % 2 
| 
Average 54.25 | 36.51 | 9.24 | 35.41 | 65.27 


AVERAGE COMPOSITION OF LAND PITCH, DRIED (IN VACUO), 
KEARNEY COLLECTION. 


EIGHT SPECIMENS FROM LOT C., NEAR THE LAKE. 


Average 54.03 36.49 | 9.48 33.02 | 61.11 


FOUR SPECIMENS FROM CROWN LAND LOTS ADJOINING C. 


Average 


58.81 36.62 | 9.57 | 32.29 60.01 


COMPARATIVE COMPOSITION OF 1894 SAMPLES. 


Organic Mineral 
insoluble inorganic 


| Bitumen 


Bitumen soluble in Total bitumen sol- 
naptha uble in naptha. 
Wake,o tt, DelOw SUTLACEs 2 s1ecicres elec 31.72 57.79 
ATG Gavtersisvecatea sich Frecsle the sae isaane on 29.02 55-43 


Cr errr 


ASPHALT, 63 


ANALYSES FROM OTHER LOCALITIES. 
ee ee, ae ee es 


Non- | 
Soluble in car- Mineral | bituminous | . 
Source .bon disulphide matters organic Authority 
matter 

Grahamite sVariy...is <s-s TOONOOe Pellbmeroae tas Newt etetena’s Linton. 
Bermudegic.sts.< cats cc 94.75 3.05 1.60 Richardson.? 
Bermudez ian cesecaecs.s « 98.52 0.50 0.98 Richardson.? 
PerndeZiner sper ir: 91.88 r.67 | 6.45 Richardson.? 
California maltha........ 98.26 WEY PCa | Weveticsts ohare Tillson.3 
California Kern Co........ 93.20 5.77 | 0.54 Tillson.3 
Gilsonite, LW a aie heme I00.00 OLE) mia tiesehe Day.? 
Mrinidad——Wake \...c¢ 0% 52.97 36.10 10.96 Linton.! 
Trinidad—Land......... 52.57 38.88 11.52 Linton.! 


Adulterations of Asphalt and Asphaltic Mixtures.—Pure as- 
phalt is much employed in the manufacture of black varnishes and 
japans and for other similar purposes. It is not unfrequently mixed 
with or substituted by coal-tar pitch and other artificial products, which 
render it quite unfit for some of its most important uses. 

Asphalt for varnish-making should be entirely (or with the ex- 
ception of 4 or 5% of earthy matters) soluble in carbon disulphide, 
chloroform, high-boiling coal-tar naphtha, and oil of turpentine. It 
is also said to be insoluble in alcohol or a mixture of equal parts of 
alcohol and chloroform. It should break with a conchoidal fracture 
and brilliant resinous lustre, the streak and powder being of a bright 
brown. Asphalt should not flow or lose shape like wood-tar pitch 
when left on a plane surface, and an angular fragment or chip should 
retain its shape and the sharpness of its angles in boiling water, and 
only begin to melt at about 150°. Asphalt adulterated with coal-tar 
pitch has a much less brilliant fracture-surface, and an adamantine 
or metallic rather than a resinous lustre. When fused at as low a 
temperature as possible, the adulterated asphalt has a granular pasty 
appearance and feel, instead of being smooth and homogeneous, and 
will not draw out into even and transparent brown threads like pure 
asphalt.® 

The following figures, due to E. Davies (Pharm. Jour., [3], 14, 
394), show the behaviour of certain natural asphalts, rock-asphalts, 
and their substitutes, with petroleum spirit. The proportions of 
sulphur and mineral matter are also recorded. 


1]. Soc. Chem. Ind., 1896, 275. _? Contrib. from Lab. of Barber Asphalt Paving Co., Nov., 
(1898). %Trans. Amer. Soc. Civ. Engin., 1897. 4 Jour. Frank. Inst., Sept., 1895. 

5 The characters of asphalt fitted for varnish-making given in the text are taken from 
Spon’s Encyclopedia. They apply to refined asphalt. 
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For these analyses, 5 grm. of the finely-divided sample were digested 
for r hour with 50 c.c. of petroleum spirit of 0.70 sp. gr., and the 
mixture frequently agitated. The liquid was then boiled for a short 
time, decanted, and the residue boiled with another quantity of 25 c.c. 
of petroleum spirit. This treatment was repeated 8 or 10 times, till the 
exhaustion was complete. 


Action of Sulphur 
petroleum spirit Proportion 
a ee ES A iscrablentor 
Material Ash roo of Per | Per 100 
organic | 100 of or 
Soluble | Insoluble} matter mate-| organic 
rial matter 
Val de Travers asphalt....... | 90.24 9.76 none 100.00 -41 4.20 
Fine Syrian asphalt. pve -68 48.16 51.16 48.49 6.13 6.19 
Low Syrian asphalt.......... 2.64 49.68 47.68 51.02 5.65 | 5.80 
CeiiGad pitel 0. )ucd hava «che 07s 37270 36.24 26.00 58.22 Be 7 5.58 
American. asphalt......%.... + -60 65.64 33-70 66.03 miGiat aaa ice 
American asphalt............ -26 63.62 36.12 63.78 BOS W Wecatsicree 
Stearin pitch, cn qect ew eae secs 5.50 71.05 23-45 75.18 SOMA widhocyear 
Stockholm pitch.ts....2...- 184 91.46 7.70 92.23 4OU Il) weet ators 
HOSIMSDIDGHS pete ali. choices -58 86.94 12.48 87.45 8G we Sees 
Coal=tar=pitehl.o..0s.ccde8 ne. .20 24.44 75.36 24.29 e090. I ee. soleus 
Goalttar: pitelic. cc Me ciespso stoke I.06 18.70 80.74 18.90 SEE en 
Coal=tar pitch cm. ckisaccoe -48 15.86 83.66 I5.94 PAS Hell Wecascetere 


Of these samples, those of American asphalt were evidently manu- 
factured and not natural products. They were probably petroleum 
pitch, and were black, brittle substances, having a conchoidal fracture 
and black streak. They differed from stearin pitch in their brittleness 
and the proportion of sulphur. The Stockholm pitch was black, too soft 
to powder, and very easily soluble in petroleum spirit. The rosin 
pitch had a conchoidal fracture, and gave a brown powder. The 
different proportions of matter soluble in petroleum spirit present in the 
samples of coal-tar pitch were no doubt due to the extent to which the 
respective distillations had been carried. 

For the distinction between natural asphalt and coal-tar pitch reli- 
ance has sometimes been placed on the fluorescence of the petroleum- 
spirit solution when coal-tar products are present, but some crude 
asphalts also produce fluorescence and refined asphalt may contain 
petroleum residuum. Durand-Claye suggested the following test: The 
sample is digested in carbon disulphide, filtered, the filtrate evaporated 
to dryness, and the residue heated until it is hard and brittle after cool- 
ing: About o.1 grm. is shaken for a few minutes with 5 c.c. of fuming 
sulphuric acid in a stoppered tube, the mixture allowed to stand for 
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24 hours, and then 10 c.c. of water added, drop by drop, with constant 
stirring, after which the liquid is filtered through paper. Natural 
bitumens will give a colourless or faintly coloured solution, but coal-tar 
pitch will give a dark brown. If the conditions of the test are uniform, 
approximate quantitative comparison of samples may be made. 
The following comparisons were made in Allen’s laboratory: 


INGO SE ol Mle ame ran ala osteo eor oo. Faintly colored. 
painidadtasphaltzs wien tee secre iets Slight brown. 
etOle na Pitchare See ee eres No color. 

Sneel Sxat Moshe ames antes mo oe gee kee Hair brown. 
Goalstan pitch) Je... | sai cren eRe ee Very dark brown. 
BOTLEMPILC DME Got. ces eT eh coos been OE Very dark brown. 


According to Durand-Claye, 8 grm. of the sample are shaken with 
5 c.c. of benzin in a closed glass vessel until dissolved. A few drops 
of the filtered solution are then diluted with 5 c.c. benzin and mixed 
with an equal volume of alcohol (85°, Gay-Lussac). The yellow or 
yellowish-brown colouration of the alcoholic layer gives an indication 
of the presence of tar distillation products. Even on dissolving in 
benzin some indication can be obtained, since native asphalt dis- 
solves with a pure brown colour, while tar products give a strongly 
yellowish-green fluorescence. 

To detect the presence of coal-tar pitch in asphalt, a small amount 
may be heated in a crucible. In this way coal-tar pitch may be dis- 
tinguished from natural asphalt by its disagreeable, bituminous odour. 
Another very definite test for coal-tar pitch is due to the fact that it 
always contains free carbon in contradistinction to asphalt. Natural 
asphalts present a uniform brownish appearance when a very little is 
melted on a hot microscope slide and examined by a microscope. 
The free carbon in coal-tar pitch may be seen suspended in the bitumi- 
nous matter that otherwise would look much like the asphalt. 

Asphalt-paving Mixtures.—Many asphalts are unsuited for use 
in street-paving unless mixed with tempering materials. Practice, 
in American cities especially, has led to the selection of special pro- 
portions of petroleum residuum, sand, or stone-dust, and pulverized 
limestone. As a guide to the composition of these mixtures the official 
specifications of two large cities and some engineering notes are given. 
The Philadelphia specifications are in part based on the results of an 
examination made some years ago (Report of experts (Sadtler, Leff- 
mann, and Lewis) selected by Citizens’ Municipal Association and 
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the Trades’ League of Philadelphia, 1894), but agree in the main with 
those of most American cities. 

Philadelphia, 1894.—If natural rock-asphalt is used for the wearing 
surface, it shall be natural bituminous limestone rock. From the 
Sicilian mines at Ragusa or the Catania mines, equal in quality and 
composition to that mined by the United Limmer and Vorwohle Rock 
Asphalt Company, Limited. From the Swiss mines of Val de Travers, 
equal in quality and composition to that mined by the Neufchatel 
Rock Asphalt Company, Limited. From the French mines at Seyssel, 
equal in quality and composition to that mined by Compagnie 
Générale des Asphalte de France in the proportions of 4 parts of the 
Sicilian Rock to 1 of the Seyssel or Vorwohle Rock. 

If refined asphalt is used for the wearing surface, it shall be com- 
posed of the best quality of refined Trinidad or Bermudez asphalt, 
obtained from the so-called pitch or asphalt lake on the Island of 
Trinidad or from Bermudez, South America, or other asphalt which in 
quality and durability shall be equal to the standard of the Lake 
Trinidad or Bermudez, heavy petroleum residuum oil, fine sand, fine 
stone-dust, fine powder of calcium carbonate. The asphalt must be 
refined and as far as possible freed from organic and mineral matter 
and volatile oil, and should contain at least 60% of bituminous matter 
soluble in carbon disulphide; the residuum oil must be free from coke 
and other impurities, of a sp. gr. of 18 or 22 Baumé, and withstand a 
fire test of 250° F. The refined asphalt and residuum oil will be 
mixed in the following proportions by weight: asphalt 100, petroleum 
16 to 22. 

The asphaltic cement made in the manner above described will 
be mixed with other materials in the following proportion by weight, 
Vizss 


rcpolel- Vinten e scl iaurey WSs an ee Ae Foncts Ai au tosa a Gos 13 to 16 
Sami Ary ise ae Cook nie A ete sak Seo ee Poe eee 58 to 63 
DStOMEKCUBE | cba wnt Seeatcadny Salve tiene eee eT ee ee 23 to 28 
PULVerised MiMestONe sit meat eehas aa ec eee SOs 


Complete specifications for making asphalt pavements including 
the foundations are rather lengthy, and the scope of this work only 
permits including the asphaltic layers themselves: Very full treat- 
ment of the entire subject can be obtained from a report of the com- 
missioners of Account of the City of New York on Asphalt Paving, 
Feb. 3, 1904, and by consulting ‘“‘The Modern Asphalt Pavement,” by 
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Clifford Richardson, New York, 1905. The following is a portion of 
the specification suggested on pages 408-410 of the latter work. 

Definition—The pavement proper shall consist of a binder course 

. in. in thickness and a wearing surface . . . in. in thickness, 
equal in composition to the pavement mixture hereafter described. 

Binder Course.—Stone—The binder shall be composed of suitable 
clean broken stone passing a 1 1/4 in. screen, not more than 5% of 
which shall pass a No. ro screen. 

Asphaltic Cement.—The stone shall be heated in suitable appli- 
ances, not higher than 300° F., and then thoroughly mixed by machinery 
with asphaltic cement equivalent in composition to that hereinafter 
set forth, in such proportion as will cover the stone with a glossy coat 
and without any excess of asphaltic cement. 

Laying.—The binder must be hauled to the work and spread while 
hot upon the foundation to such thickness that, after being imme- 
diately compacted by rolling, its average depth shall be . . . in., and 
its upper surface shall be approximately parallel to the surface of the 
pavement to be laid. Upon this binder course shall be laid the wear- 
ing surface of pavement proper. 

No traffic, except such as may be required in depositing the surface 
mixture, or in otherwise prosecuting the work, shall be allowed on 
the binder course. 

Pavement Mixture——The pavement mixture for the wearing 
surface shall be composed of: 


(a) Asphaltic cement (refined asphalt and flux). 
(b) Sand of satisfactory grading and grain. 
(c) Filler, consisting of finely powdered mineral matter. 


Refined Asphalt——The asphalt employed in the preparation of 
the asphaltic cement for use in the asphalt surface mixture shall be a 
solid native bitumen obtained from some native deposit, and which 
has been in use in the paving industry for at least 5 years. It shall 
be so refined as to be in every respect uniform, of a character recog- 
nized as being suitable for the production of a satisfactory asphaltic 
cement and in all respects satisfactory to the city engineer. 

Flux.—The oil used as a flux in the manufacture of the asphaltic 
cement shall be the residue from any satisfactory petroleum from 
which the lighter oils have been removed by the distillation without 
cracking, and having a sp. gr. of from 17° to 20° Beaumé. It shall not 
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flash below 325° F. (New York State closed oil tester), and shall not 
volatilise more than 5% on heating for 7 hours at 325° F. 

Asphaltic Cement.—The refined asphalt and flux, of character 
corresponding to that described in the foregoing paragraphs, shall be 
combined as follows for the preparation of the asphaltic cement. 

To the melted asphalt, at a temperature of not over 350° F., the flux, 
after being heated to about 200° F., is to be added in such proportions 
as to produce an asphaltic cement having a consistency, as indicated 
by the Bowen penetration machine, of from 60 to 75° F. While the oil 
is being added agitation shall be maintained by means of an air blast 
or live steam, and shall be continued until the asphaltic cement is 
homogeneous. The agitation shall be continued for at least 3 hours, 
during which time the temperature shall be maintained at from 300 
to 325° F. Should the finished cement not prove of proper consist- 
ency, it shall be modified by the addition of further oil or melted 
asphalt as may be necessary. 

The asphaltic cement while in use must be thoroughly agitated. 
Samples of the same, and of the materials from which it has been pre- 
pared, shall be supplied to the city engineer when required. 

Sand.—The sand to be used shall consist of hard grains, of satis- 
factory surface and shape, not containing more than 1% of clay or 
loam. On sifting, the whole shall pass a 1o-mesh screen, 15% 
shall pass an 80-mesh screen, and at least 7% shall pass a too-mesh 
screen. 

Filler.—The filler shall be powdered mineral matter of such a degree 
of fineness that the whole of it shall pass a 5o-mesh screen, and least 
66% a 200-mesh screen. 

Combining Materials.—The materials complying with the above 
specifications shall be mixed in proportions by weight, depending 
upon their character. The percentage of matter soluble in carbon 
bisulphide in any pavement shall not be less than 9.5 nor more than 
#2507). 

The sand and the asphaltic cement will be heated separately to 
approximately 340° to 380° F. for the former, and 325° F. for the latter. 
The stone dust shall be mixed, while cold, with the hot sand. The 
asphaltic cement will then be mixed with the sand and stone dust, at 
the required temperature and in the proper proportion in a suitable 
apparatus, so as to effect a thoroughly homogeneous mixture. 

Laying the Pavement.—The above mixture shall be hauled to the 
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streets in trucks properly protected from radiation by tarpaulin at a 
temperature of not less than 250° F. and spread upon the binder to such 
a depth as will assure an average thickness of . . . in. after ulti- 
mate compression. This compression will be attained by first smooth- 
ing the surface with a hand-roller, or light steam-roller, after which 
hydraulic cement or stone dust shall be swept over it, when the rolling 
will be continued with a steam-roller until the surface is properly 
compacted. 

The specifications recommended in the Report of the Commissioners 
of Accounts of New York City differs chiefly from the above in that 
the proportions of ‘flux’ and refined asphalt are not governed 
by a penetration test, but by a limitation as to proportions which 
shall not exceed 25 parts by weight of ‘“ flux” and too parts refined 
asphalt. 

R. B. Stanton (Trans. Amer. Soc. Civ. Engin., 1896, 73) used for 
reservoir-lining in California 4 parts best refined California asphalt 
and x part crude petroleum without sand; he also used broken stone, 
2 inches and under, including all fine material. Trautwine employed 
at Philadelphia, for reservoir lining, 4 parts of Bermudez asphalt and 
1 part of a liquid California asphalt. 

Penetration machines or penetrometers are used for determining 
the consistency of asphalts and asphaltic cements. The machines 
that have been devised for this purpose are the Bowen, the Kenyon, 
and the New York Testing Laboratory Penetrometers. 

Bowen’s tester consists of a needle suspended on a level arm con- 
nected with a thread that moves a pointer on a dial. The depth to 
which the needle sinks will depend on the hardness of the asphalt. 
The apparatus is much used, but two machines will give concordant 
results only when constructed and operated exactly alike. Dow has 
devised a more elaborate apparatus, in which a needle penetrates by a 
direct weight without friction. 


Analytical Methods for Asphalts. 


The following methods on pages 70 to 73 are the official methods 
of the Society of Testing Materials (U. S. A.), and, as far as they go, are 
standard. As so many additional tests are given by Clifford Richard- 
son, his methods are given in full, even duplicating in some measure 
those of the society. 
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Drying the Sample and Preparing it for Analysis.—It was 
decided, owing to the great variety of conditions met with in bituminous 
compounds, that it is impossible to specify any one method of drying 
that would be satisfactory in every case. It is therefore supposed that 
the material for analysis has been previously dried, either in the lab- 
oratory or in the process of refining or manufacture, and that water, 
if present, exists only as moisture in the hygroscopic form. 

The material to be analysed, if hard and brittle, is ground and spread 
in a thin layer in a suitable dish (iron or nickel will answer every pur- 
pose) and kept at a temperature of 125° for r hour. In the case of 
paving mixtures and road materials, where it is not desirable to crush 
the rock or sand grains, a lump may be placed in the drying oven until 
it is thoroughly heated through, when it can be crushed down into a 
thin layer and dried as above. If the material under examination 
contains any hydrocarbons at all volatile at this temperature, it will 
of course be necessary to resort to other means of drying. 

Analysis of Sample.—After drying, from 2 to 15 grm. (depending 
on the richness in bitumen of the substance) are weighed into a 150 c.c. 
Erlenmeyer flask, the tare of which had been previously ascertained, 
and treated with 100 c.c. of carbon disulphide. The flask is then 
loosely corked and shaken from time to time until practically all large 
particles of the material have been broken up, when it is set aside and 
not disturbed for 48 hours. The solution is then decanted off into a 
similar flask, that has been previously weighed, as much of the solvent 
being poured off as possible without disturbing the residue. The 
first flask is again treated with fresh carbon disulphide and shaken as 
before, when it is put away with the second flask and not disturbed for 
48 hours. 

At the end of this time the contents of the 2 flasks are carefully de- 
canted off upon a weighed Gooch crucible fitted with an asbestos 
filter, the contents of the second flask being passed through the filter first. 
The asbestos filter shall be made of ignited long-fibre amphibole, 
packed in the bottom of a Gooch crucible to the depth of not over 1/8 
inch. After passing the contents of both flasks through the filter, 
the two residues are shaken with more fresh carbon disulphide and set 
aside for 24 hours without disturbing, or until it is seen that a good 
subsidance has taken place, when the solvent is again decanted upon 
the filter. This washing is continued until the filtrate or washings 

_are practically colourless. 
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The crucible and both flasks are then dried at 125° and weighed. 
The filtrate containing the bitumen is evaporated, the bituminous 
residue burnt, and the weight of the ash thus obtained added to that 
of the residue in the 2 flasks and the crucible. The sum of these 
weights deducted from the weight of the substance taken gives the 
weight of bitumen extracted. 

In the analysis of hard asphalts or tar pitch for their solubility in 
carbon disulphide and also in the analysis of any of the bitumens for 
their solubility in naphtha, it is recommended that from 15 to 20 grm. 
of glass beads be introduced into the first flask with the substance. 
When the flask is shaken, these beads grind upon any hard lump of 
bitumen, and thus greatly facilitate the solution of the soluble con- 
stituents. In filtering these solutions through the Gooch crucible, 
they should be allowed to run through by gravity, as the application of 
an exhaust appears to cause a clogging of the filtering medium. 

This test shall be carried on at a temperature of from 20° to 25°. 
When carbon disulphide or carbon tetrachloride are used as solvents, 
they must be chemically pure. When naphtha is employed, the com- 
mittee recommends that in all cases it be described by stating its sp. gr. 
and the temperatures between which it distils. 

For rapid work the committee suggests the following method as a con- 
venient one to be employed. It is based in general upon the standard 
method, and is applicable to practically all bituminous compounds. 

From 1 to 10 grm. of water-free material (depending upon the 
amount of bitumen present) are weighed into a 150 c.c. Erlenmeyer 
flask, the tar of which has been previously ascertained, and treated 
with 100 c.c. of carbon disulphide. The flask is then loosely corked 
and shaken from time to time until practically all large particles of the 
material have been broken up, when it is set aside for not less than 15 
hours. At the end of this time the contents of the flask are decanted off 
upon a weighed Gooch crucible fitted with a long-fibre amphibole 
asbestos filter. The residue remaining in the flask is then washed 
with 50 c.c. of carbon disulphide, allowed to settle, and decanted as 
before, the insoluble matter being finally brought upon the filter and 
washed with too c.c. carbon disulphide or until the washings are 
practically colourless. The filter and contents are then dried at 125°, 
cooled and weighed. Should any residue remain in the flask, it is 
also dried and weighed and this weight added to that of the residue in 
the crucible. The filtrate should be burned off and ignited to an ash 
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and the weight of the ash thus obtained added to that of the insoluble 
residue. The weight of the total residue deducted from that of the 
original material gives the weight of the bitumen soluble in cold car- 
bon disulphide. In case of tars and pitches the percentages of in- 
soluble residue, determined as above, minus that of any ash which may 
be found by igniting a separate sample, is reported as free carbon. 
Glass beads may be employed in the flask, as described in the standard 
method by the determination of bitumen. ‘This test shall be carried 
on at a temperature of from 20 to 25°. 

Penetration.—The consistency, or penetration, of a bitumen shall 
be the distance, expressed in hundredths of a centimeter, that of No. 2 
needle will penetrate into it at 25° (77° F.), in 5 seconds of time, under 
a weight of 100 grm., the needle to penetrate direct without friction. 

Loss on Heating.—The loss of heating of oil and asphaltic com- 
pounds shall be ascertained in the following manner: 50 grm. of the 
water-free material shall be placed in a circular tin box with vertical 
sides, measuring about 1 in. in depth by 2 3/8 in. in diameter, internal 
measurement. The penetration of the material to be examined shall, 
if possible, be determined at 25° in the manner heretofore described, 
and the exact weight of the sample ascertained. ‘The sample in the 
tin box shall then be placed in a hot-air oven, heated to 170°, and kept 
at this temperature for 5 hours. At no time shall the temperature of 
this oven vary more than 2° from 170°. When the sample is cooled to 
normal temperature, it shall be weighed and the percentage of loss by 
volatilisation reported. The penetration of the residue shall then, if 
possible, be determined at 25°, in the manner heretofore described, and 

_the loss in penetration determined by subtracting this penetration from 
the penetration before heating. 


Standard Method of Estimation of Residual Coke in 
Bituminous Compounds. 


This estimation shall be made according to the method described 
for coal in the J. of the Amer. Chem. Soc., 1899, Vol. 21, page 
1116. The method is as follows: Place x grm. of pure bitumen, free 
from water, in a platinum crucible weighing 20 to 30 grm. and having 
a tightly fitting cover. Heat over the full flame of a Bunsen burner 
for 7 minutes. The crucible should be supported on a platinum 
triangle with the bottom 6 to 8 cm. above the top of the burner. The 
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flame should be fully 20 cm. high when burning free, and the deter- 
mination should be made in a place free from draughts. The upper 
surface of the cover should burn clear, but the under surface should 
remain covered with carbon. 

The residue minus the small impurity of ash in the pure bitumen is 
the fixed carbon, which should be calculated to 100% with the vola- 
tile hydrocarbons, excluding the inorganic matter. 


Standard Method of Sizing and Separating Aggregate in Asphalt 
Paving Mixture. 


The method consists of passing the mineral aggregate through 
several sieves of the following sizes: 


Inches in 
diameter 
zo-mesh per linear inch, size of wire........<0-we--. 0.027 
go-meshi per linéar inch; sizeof wire.......<........ 0.0165 
go-mesn) per linear inchy size Of wile...0...-4.5.5 4. (0.01375 
40-mesh_per linear inch, size of wire................ 0.01025 
So-mesh per linear inch, size of wire................ ©.009 
So-mesn per linear inch, size Of Wile........--+..+-.5+: ©.00575 
too-mesh per linear inch, size of wire................ 0.0045 
z200-mesh per linear inch, size of wire................ 0.00235 


The following methods, pages 73 to 84, are those proposed by 
Clifford Richardson. 

Water, Ordinary Method.—Ordinarily it is sufficiently accurate to 
weigh out 2 to 5 grm. of the material in a crucible, preferably on a 
watch-glass, to expose more surface, and to subject it to a temperature 
of 100° in a well-regulated water-bath, until it ceases to lose in weight 
to an extent of more than 0.2 to0.3% on successive heatings. A greater 
concordance is not sought, as many asphalts continue to lose light 
oils at this temperature. The degree of fineness to which the crude 
asphalt should be reduced before weighing out is dependent upon the 
amount of water it contains. In powdering some asphalts, such as 
crude Trinidad, the material, since it contains 29% of water in emul- 
sion with bitumen, begins to lose water at once. It can, therefore, 
only be broken into coarse lumps and not reduced to a powder until 
after a preliminary determination of the water thus lost by the coarse 
material. Other asphalts, containing only a small amount of hygro- 
scopic or adventitious water, may be ground up at once, while some 
which are not readily powdered may be cut into small pieces. (If 
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it is necessary to determine the water absolutely, it may be estimated 
by a method of distillation as given by the Marcusson, or by the 
“Reviser” in the Jour. Ind. and Eng. Chem., 1910, 2, 66.) 

Alternate Method.—For asphalts such as crude Trinidad, in which 
the difficulties described are met, a different method of procedure 
is advisable. The substance is very quickly reduced to a coarse powder 
only in a mortar provided with a cover, through which the pestle 
passes. 5 grm. of it are spread out on a 4-in. watch-glass, and 
this is placed in vacuo over sulphuric acid for 12 hours and the 
loss determined. It should then be reground to a fine powder and 
exposed again in vacuo until it ceases to lose weight. The loss may 
be stated as water. 

In whichever way the asphalt is dried a sufficient quantity is pre- 
pared and preserved in this condition in a tightly stoppered bottle, 
for analysis. Asphalts which cannot be reduced to powder are used 
in mass. 

Refined Asphalts.—Examination of refined asphalts in their most 
extended form include determinations given on the accompanying 
form, used as a convenience in reporting. With well-known asphalts 
but a limited number of determinations are necessary for the purpose 
of detecting lack of uniformity or peculiarities in the material. 


Physical Properties. 


Da Stan 25 ese) 25+Se7 Oliginal substance, drys seein ren 
OPH li e25 ihc, PURE DItUIMEN cicero ieee cle ee 
Colour of powder or streak 
Lustre 


doin lags eh Genipren 2-5 rn cain a 


Chemical Characteristics. 
Original substance: 
Loss, 100°, rt hour 
Dry substance: 
TOSS; 3627 ON aches ed et hala ta tal re a Rts Poe a aR 
Character ob residucancccy chery ec aeee Sree eee tae 
Penetration Of residtieratsont coer sian ater ne 
Loss, 204.4°, 7 hours (fresh sample)................% 
Characterof residue. ca acane hie Gener eee 
Penetration of residue atys5 55° eee eae eee 
Bitumen soluble in CS,, air temperature 
Orsanic matter insoluble: cast ee ere alee ene renee 
Inorganic or mineral matter 
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Malthenes: 
Bitumen soluble in 88° naphtha, air temperature..... : 
(This is given in % of total bitumen)........,....... 
ZY of soluble bitumen removed by H,SO,....,....... 
% of total bitumens as saturated hydrocarbons ...... 
Bitumen soluplesimlo2cmap Lblic see wee ee olives se 
(@itis:in§ 7, ofstotaly bitumen) paserere mere cals a= 
Carbenes: 
Bitumen insoluble in carbon tetrachloride, air temper- 
Chubigon cio ABIanopambnkr a O.omicta thatthe COeeOe Omir ate ae 
Bitumen soluble in carbon tetrachloride, air temperature 
Bitumen yields on ignition: 
Bixedicarbon se cienpeeaar gee mt aes ew Parks 
Sil halal inated eee eIERPL reves Michi olainct obo ha Rn 
Witimiateyconi position erate tmnt erie teier 
Remarks: 

The comprehensive scheme for the analysis of asphalts and fluxes 
is taken from ‘‘The Asphalt Pavement,” by Clifford Richardson, 
Wiley and Sons, New York, 1905. This is done for the reason that 
the methods are quite practical and briefly stated and probably 
represent recent practice better than any other scheme that has been 
published. The special methods of Sadtler and Linton, referred to 
below, are given in addition, however, as they are of experimental 
value and are referred to frequently in the literature on asphalts. 

Physical Properties.—Sp. gr.—The sp. gr. of the dried asphalt 
is taken in a pycnometer at 25°, and referred to water at the same 
temperature. : 

The usual determinations of the outward physical features of any 
mineral substance, colour of streak, structure, fracture, hardness, 
and odour, if any, are noted. 

The colour of the streak or of the powder of a hard asphalt is in 
certain cases characteristic. For example, in the case of refined 
Trinidad lake asphalt the powder is a bluish-black colour, while that 
of the refined Trinidad land asphalt is much browner. Powdered 
gilsonite is of a very light-brown colour. Powdered grahamite is quite 
black. 

The structure of a solid native bitumen may be either homogeneous 
or it may show the presence of cavities containing gas, particles of 
adventitious mineral matter, shale or clay, or other peculiarities. 

The fracture may be, in the case of very pure bitumens, conchoidal 
or semi-conchoidal, pencillated, or hackley in the case of grahamite, 
or irregular. 

The hardness of the original material, if it contains much mineral 


matter, may be stated in degrees of Mohr’s scale, that of the pure 
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bitumen in several ways. It is either brittle, like glance pitch, or 
soft enough to be penetrated with the needle of a penetration machine, 
in which case the hardness is expressed in degrees of this machine. 

The odour in the case with many bitumens is characteristic. That 
from Venezuelan asphalt, found near the Gulf of Maracaibo, is ex- 
tremely strong and rank, while others are more purely asphaltic, 
especially on warming. The heat in any case brings out the odour 
to a degree not observed in the cold material. 

Loss on Heating.—It is sometimes necessary to determine the loss 
which an asphalt suffers on heating for a time to a definite temperature. 
The length of time has been arbitrarily taken as seven hours and the 
temperature 162.7° and 204.4°. 

The determination is made as follows: In a No. 1 crystallising 
dish, 2 1/4 in. in diameter and 1 5/16 in. high, are placed 20 grm. 
of the material under examination. 

Should it be necessary to use a very much larger dish the weight 
of the material to be taken should be calculated so that the volume 
which it holds shall bear the same relation to the surface exposed as 
in the case with the smaller dish. It is necessary to take separate 
portions of the substance for each determination, and not to attempt 
to determine the loss at 204.4° from the sample which has been 
previously heated at 162.7°. 

The dish is heated to the requisite temperature for the given length 
of time in an oven, the temperature of which is uniform in all parts. 
This is something that is not as easily accomplished as might be 
supposed. The thermometer in an ordinary oven does not indicate 
the temperature in all its parts; in fact, only where the bulb of the 
thermometer itself is placed. Such an oven is not only difficult to 
obtain, but the manner in which the best form is used is of great 
importance. 

Softening and Flowing Points.—The solid native bitumens can 
have no definite m. p. for the reason that they are composed of mix- 
tures of hydrocarbons. It is only possible, therefore, to determine 
rather arbitrarily the points at which the material softens and flows 
and with special reference to the relation of these points toward some 
standard bitumen. They are determined as follows: 

A crystallising dish, of the same form as that used for determining 
the loss on heating at 162.7° and 204.4°, is placed upon a ring- 
stand over an asbestos plate or wire gauze where it can be heated by a 
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small flame. It is than filled with clean metallic mercury to a distance 
of 1/4 in. from the top. On the surface is placed a thin microscope 
cover-glass, No. 00, carrying the specimen of asphalt under examina- 
tion and a second glass containing a sample of known softening 
point as a standard of comparison. The complete apparatus con- 
sists of a crystallising dish as above described, a funnel with its stem 
cut off close to the angle to serve as a cover, a few microscopic cover- 
glasses, and a thermometer. 

The specimens are prepared for the experiment in the following 
manner: When dealing with hard asphalts that can be ground rather 
coarsely, minute fragments are spread on the cover-glass and placed 
upon the surface of mercury, covered with a funnel, and a thermom- 
eter passed through the orifice of the funnel until the bulb is immersed 
in the mercury. It is held in position by a clamp attached to the ring- 
stand holding the dish. A burner that can be regulated to a small 
flame is placed under the dish and it is heated so that the rise of tem- 
perature will not be more than 2 to 3° F. per minute. Ina short time it 
will be noticed that the specimens will have changed from the brown or 
the yellowish-black colour of the powder to that more nearly approach- 
ing the original, with a slight rounding of the individual grains. This 
is taken as the softening point. On further heating, these globules 
flow together and from a thin sheet on the glass. The point at which 
the specimens begin to soften and the beginning of the flow, as indi- 
cated by the thermometer, are noted as the softening and flowing 
points. 

Asphalts that cannot be ground are treated as follows: The material 
is softened and pulled out to a thread 1 mm. in diameter and several 
small pieces 1 mm. in length cut from it. These should be placed 
on the glass together, as one will serve as a check on the other and 
thereby lessen the chance of error. ‘The softening point may be noted 
by the rounding of the particles and the beginning of the flow, or when 
the specimen begins to spread out, which is always at the point of 
contact with the cover-glass, is set down as the flowing point or the 
temperature at which the specimens will flow perceptibly. 

Estimation of Total Bitumen.—1 grm. of the dried or refined 
material in a state of very fine powder, if possible, is weighed out and 
introduced into a 200 c.c. Erlenmeyer flask of Jena glass and covered 
with about too c.c. of carbon disulphide. It is then set aside for at 
least five hours or overnight, at the temperature of the laboratory. 
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In the meantime a Gooch crucible is prepared with an asbestos felt 
and weighed. This Gooch crucible is of special form with a large 
filtering surface. It holds 30 c.c., 4.4 cm. at the top, tapering to 
3.6 cm. at the bottom and 2.6 cm. deep. This is much better for 
percolation work than the usual narrow form of Gooch. It is fur- 
nished by Eimer and Amend, New York. The felt is made by beating 
up long-fibre Italian asbestos in a mortar, and suspending the finer 
particles in water and quickly pouring off from the coarse particles. 
Too much of the latter should not be removed, or the felt will be too 
dense. The decanted asbestos and water can be kept in a bottle for 
use. To prepare the felt the asbestos and water ane shaken up and 
what is found to be a proper amount poured into the crucible, which 
has in the meantime been attached to a vacuum filtering-flask by the 
proper glass and rubber connections. As soon as the asbestos has 
somewhat settled the vacuum-pump is started and the felt firmly 
drawn on the bottom of the crucible. It is then dried, ignited, and 
weighed. 

After standing a proper time, the bisulphide is decanted very care- 
fully upon the filter which is supported in the neck of a wide-mouthed 
flask and allowed to run through without pressure. The flask after 
being tipped to pour the first portion is not again placed erect in order 
to avoid stirring up the insoluble material, but is held at an angle on 
any suitable base, such asa clay chimney. After all the bisulphide is 
decanted more is added and the insoluble matter shaken up with it. 
This is allowed to settle and decanted as before, the insoluble matter 
being finally brought on the filter and washed with the solvent until 
clean. The excess of bisulphide is allowed to evaporate from the Gooch 
crucible at the temperature of the room. It is then dried for a short 
time at 100° and weighed. The loss of weight is the percentage of 
bitumen soluble in CS,. 

In the meantime, however, the bisulphide which has passed the 
filter is allowed to subside for 24 hours, if possible, and is then decanted 
carefully from the flask from which it has been received into a weighed 
platinum or unweighed porcelain dish. If there is any sediment in 
the flask it must be rinsed back into the Gooch crucible with. bisul- 
phide and the crucible again washed clean. The solvent in the dish 
is placed in a good draught and lighted. When all the bisulphide has 
burned, the bitumen remaining in the dish is burned off over a lamp 
and the mineral residue, which was too fine to subside, is weighed, if 
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the burning was done in a platinum dish, or dusted out and added to 
the crucible if in a porcelain one. In the former case the weight is 
added to that of the Gooch crucble or subtracted from the % of the 
bitumen, found without its consideration, as a correction. Care must 
be used in this method of procedure that the solvent does not creep 
over the sides of the crucible and that the outside is free from bitu- 
men before weighing. In order to avoid this the crucible is supported 
in the neck of a flask with three constrictions, the neck extended above 
the top of the crucible and the latter being covered with a watch-glass. 
(These flasks are made for Mr. Richardson by E. Machlett & Son, 
143 East 23d Street, New York.) 

Mineral Matter or Ash.—1 grm. of the same sample of material 
used for the estimation of bitumen is weighed out in a No. o Royal 
Berlin porcelain crucible and burned in a muffle or over a flame until 
free from carbon. This must be determined by breaking up the 
cake of ash, moistening with water or alcohol, and observing if any 
black particles of coke are present. The weight of the residue is stated 
as inorganic or mineral matter. 

The estimation is of course not exact, sulphuric acid and the alkalies 
being volatilised in many cases, but it is satisfactory for technical 
purposes. 

Organic Matter Insoluble.—The amount of this material, some- 
times stated as organic matter not bitumen, is obtained by difference; 
that is to say, by subtracting the sum of percentages of bitumen and 
inorganic matter found from 100. It, of course, includes all the errors 
in these 2 estimations, and as the error in the bitumen is one mak- 
ing the percentage too high, and in that of the mineral matter too low, 
the errors are cumulative, do not neutralise each other, and the percen- 
tage of organic matter not bitumen is thus always too high. 

If hot carbon bisulphide, chloroform or spirits of turpentine are 
used as solvents for the bitumen, the amount obtained on extraction 
is somewhat greater, but in technical work the results are no more 
desirable and such solvents are not often used, as chloroform is expen- 
sive where alarge number of estimations are carried out and the 
spirits of turpentine are so much more viscous that they filter much 
less readily, while the residue of this solvent remaining on the filter 
must be removed by naphtha and not by evaporation. 

The sum of the 3 estimations, bitumen soluble in CS?, organic 
not soluble, and inorganic matter, is, therefore, always 100%. 
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Naphtha Soluble Bitumen.—For the purpose of determining the 
percentage of bitumen soluble in naphtha, distillates of 88° and 62° B. 
are used. It is extremely important that these naphthas should be of 
the exact degrees specified, since differences in density will make 
appreciable differences in the amount of bitumen extracted. The 
distillate should be that obtained from a petroleum with so-called 
paraffin base. The density of each lot should be carefully determined 
with a Westphal balance at 15.5°, and if it is too dense it should be 
rejected. On the other hand, if it is too light it can be brought to the 
proper density by blowing a current of air through it for a short time, 
at the ordinary temperature in the case of the 88° and, after slightly 
warming it, in the case of 62° naphtha. Redistillation of these 
naphthas is unnecessary as the products of the distillations are no 
more uniform than the original naphthas. 

It will be found very necessary that hard bitumens should be re- 
duced to an impalpable powder before attempting to extract them, as 
otherwise the extractions will not be complete. The softer bitumens 
should be divided as much as possible. 

The bitumen is usually extracted with naphtha of both densities in 
order to determine the differences in their action. If the amounts 
extracted by each is the same or nearly the same it will point to the 
fact that the bitumen consists of hard asphaltenes mixed with light 
malthenes, the latter equally soluble in naphtha of both degrees of 
sp. gr., and but little of intermediate hydrocarbons, or of the very 
hard asphalt fluxed artificially with some light oil. If, on the other 
hand, there is a very considerable increase in the percentage dissolved 
by the 62° over the 88° naphtha it may be assumed that the malthenes 
are well-graded and natural constituents of the bitumen which is being 
examined. In certain cases, however, the use of the two naphthas is 
unnecessary. It would be useless to extract a maltha with a dense 
naphtha or glance pitch or albertite with a lighter one. 

It appears, therefore, that heating increases the density of naphthas, 
and consequently their solvent powers, from inability to condense 
the more volatile parts, but that the change in the 62° naphtha is small, 
so that it can safely be heated to a slight extent 

As a result of these experiments all determinations are now made 
with cold naphtha by the following method: 

1 grm. of the substance is weighed into a 200 c.c. Erlenmeyer flask, 
covered with naphtha and allowed to stand, as in estimating total 
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bitumen; in fact, the entire process is the same with the exception that 
one or two precautions must be observed. It is well not to attempt to 
break up any lumps with a stirring rod, as the substance, especially 
the softer asphalts, may then adhere to the rod or flask and be difficult 
to detach. 

It may also be necessary to treat the substance with several portions 
of the solvent instead of with 2 or 3, as in the case of carbon 
bisulphide. No heat is applied at any time on the process. 

Fixed Carbon.—The fixed carbon is determined usually on the pure 
bitumen according to the method recommended by the Committee on 
Coal Analysis of the Amer. Chem. 
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The residue minus the small impurity of ash in the pure bitumen 
is the fixed carbon, which should be calculated to 100% with the 
volatile hydrocarbons, excluding the inorganic matter. As the com- 
mittee states, this determination, like most industrial ones, is arbitrary, 
but it is of the greatest value in determining the nature of a bitumen 
quickly. Experience has shown that true hard asphalts have never 
been found which yield more than 17.9% nor less than 10.0% of 
fixed carbon, while grahamite yields over 53%, albertite over 29 to 54%, 
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and some other bituminous materials characteristic amounts of fixed 
carbon. 

Estimation of the Amount of Hard Paraffin Scale.—The 
amount of hard paraffin scale contained in any flux or heavy oil 
can be readily determined by Richardson’s modification’ of the 
method of Holde.? 

The method in detail is as follows: 

The Estimation of Paraffinin Petroleum Residues, Asphaltic 
Oils, and Asphalts fluxed with Paraffin Oils.—For this purpose, 
I, 2, or more grm. of the substance to be examined is taken and 
covered with too c.c. of 88° naphtha in an Erlenmeyer flask. 
The amount will depend on the amount of paraffin present and on the 
percentage of oil which remains after the preliminary treatment with 
naphtha and acid. Ofa residuum from eastern pipe-line oils 1 grm. 
is sufficient, as the substance consists of a nearly pure bitumen con- 
taining from 4 to 12% of paraffin.. 1o grm. of a residual pitch from 
Beaumont oil should be used, as this, in some cases, contains only 65.0% 
of its bitumen soluble in naphtha, less than 50% unacted on by acids, 
and only about 1.0% paraffin. Several grm. can be taken of a 
Trinidad asphalt cement, made of asphaltum and Pennsylvania 
residuum, which contains 26.0% of mineral matter and only 70.0% 
of its bitumen is in a form soluble in 88° naphtha. 

The object of the naphtha treatment is to separate the paraffin from 
substances of a non-bituminous nature and from some of the asphaltic 
hydrocarbons insoluble in naphtha which would be precipitated in the 
ether alcohol solvent and contaminate the paraffin. 

The naphtha is allowed to act on the substance overnight, and the 
next morning the solution is decanted through a Gooch crucible. The 
residue is washed well with naphtha and the combined solution and 
washings united. If desired, the residue, insoluble in naphtha, re- 
maining on the asbestos felt, can be weighed and the amount of soluble 
bitumen determined by difference. In the case of carefully prepared 
residues from paraffin petroleum, this naphtha solution may be evap- 
orated in the flask in which the paraffin is to be separated and the 
subsequent determination by the Holde method carried on with this 
residuum or bitumen soluble in naphtha, but, as will be seen, the results 


tJ, Soc. Chem. Ind., 1902, 21, 690. 
2 Mitt. a. d. kénig. tech. Vers.-anst., Berlin, 1896, 14, 211. Abs. J. Soc. Chem. 
Ind., 1897, 16, 362; Lunge, Chem. Tech.; Untersuchungs Methoden 3, 9. 


ASPHALT. 83 


obtained are too high. Where asphaltic oils are present in the naphtha 
solution bitumen, and preferably in all cases except those of distillates, 
a further treatment is necessary to remove oils, which would other- 
wise be thrown out, from the ether solution with the paraffin by the 
alcohol. For this purpose the naphtha solution is placed in a sepa- 
rating funnel and shaken with sulphuric acid, sp. gr. 1.84, until a fresh 
portion of acid is but slightly coloured. Twice is generally sufficient. 
The solution is washed with water several times, then with a weak 
solution of carbonate of soda, again with water, and the bitumen in 
solution recovered, weighed, if desired, and treated by the Holde method 
for the separation of the paraffin it contains. By this means all the 
unsaturated hydrocarbons and those of an asphaltic nature, readily 
precipitated by alcohol from their ether solution, are removed and the 
possibilities brought about of recovering the paraffin in a pure condition. 

Some determinations made in the manner described resulted as 
follows: 


PETROLEUM RESIDUUM FROM PIPE-LINE OIL. 


Sp. Gr., 0.93. 
No. Weight Soluble in naptha, Not acted on Paraffin, 
taken, grm. % by H2SO4, % % 
I 1.0 96.0 No treatment 7.95 
‘2 1.0 ., 98.9 9-5 5-55 
3 1.0 Distilled in vacuo No treatment 5-95 
TRINIDAD ASPHALT CEMENT. 
No. Weight Soluble in naphtha Not acted on by | Paraffin 
taken, grm. 2804 
I OMOMME Mlb Notre oes i cane ones re ae No treatment 2.95 
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In each case the paraffin recovered after treatment was white and 
pure, while that obtained in the other way, even by distillation in 
vacuo, was coloured. ‘The results after treatment-were, of course, lower 
and more correct. 

The Trinidad asphalt cement was made from roo parts of Trinidad 
asphalt and 20 parts of a residuum similar to the one analysed. The 
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asphalt contained, of course, no paraffin; the residuum, ewe 
The calculated amount in the cement is therefore 0.925%, and 0.95% 
was found. 

In this way it can be determined whether the flux which has been 
_ used in the preparation of an asphalt cement has been derived from a 
paraffin petroleum or from one having an asphaltic base, since, if 
paraffin is found to such an extent as shown above, it will necessarily 
point to the use of a paraffin flux, as no native solid bitumen in use in 
the paving industry contains paraffin. 

Non-bituminous Organic Matter and Ash.—As noted above, the 
organic matter not soluble in the various solvents used for fractionating 
the asphalt is noted as ‘‘non-bituminous organic matter” or by some 
similar descriptive term. It is estimated by difference; the total 
residue left after the various solvents have exhausted their action is 
dried, ignited until all carbon has disappeared, and weighed again. 
The loss of weight has been by most authorities considered to be non- 
bituminous matter. It has been found by Richardson, however 
(Proc. Am. Soc. Test. Mat. (1906), 6, 509), that clays absorb certain 
amounts of bituminous matter, so that what has generally been con- 
sidered organic non-bituminous matter' is probably bituminous and 
should be largely included with the amount of bitumen found. It is 
obvious that if the original matter contained notable amounts of car- 
bonates, the total loss will include the carbon dioxide that has escaped. 
To correct this, the ash may be recarbonated by allowing it to remain 
some hours in contact with a solution of carbon dioxide in water, or by 
heating it with ammonium carbonate solution, evaporating, and heat- 
ing gently. Ash may, of course, be determined directly, without 
extraction. This will give a more accurate result in some cases, in 
consequence of the solubility of some of the mineral material in the 
solvents used. The detailed examination of the ash is conducted ac- 
cording to the usual methods for clay, limestone, or sand stone, as the 
case may be. ; 

Sulphur.—Richardson recommends Mabery’s method—combus- 
tion in a current of oxygen and absorption of the sulphur dioxide 
by standard alkali. Day (J. Frank. Inst., 140 (1895), 221) found 
considerable difficulty in determining sulphur in a specimen of Utah 


_ F.C. Garrett in a private communication to the reviser of this section seems to differ 
in opinion from Clifford Richardson who considered the organic non-bitumen that had pre- 
viously been reported as non-existent and due to the adsorptive effect of the mineral matter. 
Garrett examined it microscopically and found it to consist largely of vegetable matter 
(cellulose, etc.). 
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gilsonite, owing to the liability of sulphur compounds to distil before 
oxidation. He finally succeeded by oxidising the material in an open 
vessel with strong nitric acid by aid of heat. In time the material — 
dissolves completely to a dark red liquid. When this condition is 
reached, the solution should be poured into cold water, by which a 
reddish-brown precipitate is formed, which contains all but traces of 
the sulphur. This mass is well-washed, and the sulphur determined by 
Eschka’s method. 

E. H. Hodgson (J. Amer. Chem. Soc., 1898, 20, 882) has made tests 
of several methods for estimating sulphur in asphalts, and finds that 
Carius’ method—oxidation by fuming nitric acid—gives the best 
results, but is tedious and liable to explosion. This process is thus 
described: The tubes used were made of heavy glass. Three deter- 
minations are started on each sample, one with from 1 to 2 grm. of 
oil, depending upon the amount of sulphur expected, the others with 
less. The sample, in a small bulb blown from small-bore tubing, is 
placed at. the bottom of the Carius’ tube. To fill, the bulb is heated 
to expand the air in it and allowed to cool with the end which is drawn 
down to a capillary held under the oil, both while heating and as it 
cools. After the sample bulb is at the bottom of the tube, 15 c.c. of 
fuming nitric acid (sp. gr. 1.60) poured on. The open end is then 
drawn out fine, but not sealed, endeavouring while doing so to thicken 
the walls by allowing them to be drawn together, rather than become 
thin by being pulled out too quickly. The tube is then heated for 
about 6 hours in water kept at from 80° to go°, 5 c.c. more of acid are 
added, the tube is sealed, and heated in a guarded oven (on account 
of danger of explosion) at 150° for from 4 to 5 hours. Allow the tube 
to cool, open, reseal, and heat again for from 2 to 4 hours at a tem- 
perature of 180° to 200°.» Cool, open, and remove the liquid to a beaker 
of 250 c.c. capacity; dilute with water, filter, and wash. If the residue 
contains anything but sand, it is saved and treated separately. The 
filtrate is evaporated to dryness on the water-bath, adding a piece of 
sodium hydroxide. The nitrates are completely decomposed by re- 
peatedly evaporating the solution with hydrochloric acid and the silica 
rendered insoluble by heating to rro° in an air-bath. The mass is 
cooled, 2 or 3 c.c. of hydrochloric acid added, then roo c.c. of water, 
the mixture stirred, filtered, the filter well washed, and the filtrate 
diluted to 200 c.c., heated to boiling, and 20 c.c. of a 20% solution 
of barium chloride added from a burette at the rate of about 1 drop 
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each second, stirring all the time. After the barium chloride has been 
added, boil for about ro minutes and then allow to stand 24 hours. 
Filter, wash with hot water, dry, ignite, cool, moisten with sulphuric 
acid, re-ignite, cool, and weigh. 

The double crucible method of S. S. Sadtler described on page 52 is 
perfectly applicable for asphaltic materials of all kinds, and in fact it is 
more suited for this class of materials than for crude oils, for with very 
volatile compounds precautions are necessary to prevent too rapid 
volatilisation of the oil. 

The methods employing sodium dioxide or nitrates are apt to be 
too low. 

Older Methods of Fractionation of Asphalts.—The results 
obtained by the following processes are more or less arbitrary, and 
cannot be regarded as true proximate analyses; but it must be borne in 
mind that engineers have reached certain opinions as to qualities of 
asphalts for special purposes, and have interpreted the analytic data in 
accordance with these practical results; hence in examining newly- 
discovered asphalts it may be necessary to use the older methods, even 
if improved processes should also be employed. 

Bermudez asphalt requires a somewhat different method, owing 
to its sticky nature which prevents its drying, by being powdered and 
exposed to the air. The samples may, be heated to the softening 
point, but some volatile matter other than water will be lost. 

Linton’s Method of Fractional Separation of Constituents. 
(J. Amer. Chem. Soc., 1894, 820; 1896, 276).—The dried sample is 
weighed on a tared filter, which is then placed in a separatory funnel, 
50 c.c. of petroleum spirit poured on, allowed to remain a few minutes, 
and then drawn off, more of the spirit is then added and also soon 
drawn off. It is necessary that the first portions of solvent should not 
become highly charged with soluble matters, since these may be pre- 
cipitated as the liquid runs out of the funnel. When the mass is nearly 
exhausted, the later portions of solvent may be left for some hours 
in contact with the sample. The extraction must be carried on until 
the solvent ceases to be coloured. -The filter and its contents are dried 
in a steam-bath and weighed; the loss of weight represents that portion 
of the asphalt commonly designated as petrolene. 

The filter and contents are placed in the separator-funnel, enough 
boiling oil of turpentine added to cover them, and the mixture allowed 
to stand for some hours or overnight. The process must be repeated 
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with fresh portions of boiling oil of turpentine until the filtrate is colour- 
less. The mass is now treated with chloroform sufficient to cover it, 
and at least an hour allowed for solution. Washing with chloroform 
is continued until it passes through colourless. The residue is dried and 
weighed; the loss is designated asphaltene. The filter and contents 
are burned in a platinum crucible, and if the sample originally con- 
tained a notable amount of calcium carbonate the residue should be 
re-carbonated before weighing. 

Sadtler’s Method (J. Frank. Inst., 140 (1895), 385).—An asbestos 
filter is made in a weighed Gooch crucible and dried. About 10 grm. 
of fine white sand, previously ignited and cooled, are added, a piece of 
stout platinum wire 7 or 8 cm. long is placed in the crucible, and the 
whole dried to constant weight at r00°. One'to 2 grm. of the sample 
in fine powder are added, gently mixed with the upper portion of the 
sand layer with the aid of the platinum wire, care being taken not to 
disturb the asbestos filter. If the sample be a liquid bitumen, it is 
gently mixed with the sand layer after slightly softening with aid of 
the drying oven. The weight of the whole is accurately taken, and 
then dried at 100° to a constant weight in an air-bath or water-oven, 
cooled in a desiccator, and weighed. The crucible and contents are 
placed in a continuous extraction apparatus formed by placing a small 
conical percolator within a larger one, the inner one being held in 
position by a perforated cork. The crucible is placed in the inner 
percolator; the outer one is connected with a flask containing pure 
acetone, and with an upright condenser. The flask is heated by a water- 
or sand-bath. Acetone is first used and the operation continued until 
the loss on continuing the extraction for 2 hours does not exceed 
2 mgm. The loss of weight computed on the weight after drying is 
designated petrolene. The extraction is then continued with chloro- 
form, and the additional loss is designated asphaltene. ‘The duration 
of the total extraction varies with different samples, but usually twelve 
hours for the acetone and eight hours for the chloroform will suffice. 
The loss of weight should be taken every four hours at first, and then 
every 2 hours until the extraction is complete, the crucible and contents 
being dried at 100° each time and cooled in a desiccator. The final 
residue in the crucible is considered to represent the non-bituminous 
organic and mineral matter. It is ignited after placing the cap on the 
bottom of the crucible and weighed; the loss is designated non- 
bituminous matter; the residue, mineral matter or ash. 
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F. C. Garrett (private communication to the reviser of this section) 
states that a volatility factor may be obtained by dividing the volatile 
matter by the fixed carbon when a proximate analysis is made. He 
also states that volatility factor of Trinidad lake pitch is above 5, 
of land pitch between 4 and 5, of an asphaltite (Maryak) a little above 3. 

The following analyses were communicated by F. C. Garrett: 

Sample I. Manjak from Vista Bella Mine, Sunidad (dull). 
Sample II. Manjak from another specimen (coal bright). 
Sample III. Hard pitch from Parker Mine. Cacarajicara, Cuba. 
Sample IV. Elastic Elaterite from Derbyshire. 
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Comparison of Methods.—It is obvious that these methods will 
not give strictly comparable results on even the same specimens, and 
that the designation of particular fractions as petrolene or asphaltene 
without indicating the method of extraction, may be misleading. Their 
value lies largely as a means of identification or for purposes of 
comparison. 

The following analysis from Richardson shows that a large part of 
the sulphur is in the portion insoluble in naphtha: 
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The naphtha-soluble bitumen has the following composition: 


Carbon Ship) mits Janae tee Ae ee ee 84.59% 
ELV CRO Bi te 8 devin ta cove boy ae eee sae Ir.30% 
Sulphur Jaack wateuise etal eer ee rng ene eee 2.91% 
INTO PRI. i. usu asim. bckhct aot haye ee iene ie eee ae 0.590% 
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Naphtha-soluble Bitumen Purified with H.SO,. 


SO MET on sh eek haha eM ame eS el os | 0.9758 
(Cilia Bete Aa ae Maem acta Coca clo cop.dinc.2 pact renee eee 86.44% 
TET SGEOG CU tc: ts 1 se acre a mR el eater ere ce 12.66% 
PSiOU WS eo artis Peer Ac oired race -< te) Ahn aden ne Bear Ae 0.45% 
INGLE OS AS ands omen ear meee On Aces foc AUS oe ac eee 0.07% 

99.62% 


Peckham (J. Frank. Inst., 1896) has compared the results of the ap- 
plication of Linton’s and Sadtler’s methods to identical samples, and 
finds considerable differences. He gives the following figures. The 
exact nature of the sample marked “‘ épurée”’ is not stated, but it is not 
the ordinary refined asphalt. 


Linton’s Method: 
Trinidad asphalt. 
Crude. Epurée. 


Soluble ini petroleum’ spirit... ....---- 3373 33.62 
Soluble in boiling oil of turpentine.... 10.51 £5.57 
Solublemm chloroform), .)....----92. 2 2.67 
MotalepiLumiInous Matera dn a7. a= 52.36 51.86 
Organic matter not bitumen.......... 10.85 IO.15 
Miineralematters sejacabve.= <cleeemias © 36.72 37-97 
Sadtler’s Method: 
Solublerm- acetone. ides oo8e ss 20.08 26.31 
Solmple mm chlorotortee eet ee se 27.00 29.17 
Total bituminous matter............. 55-18 55-48 
Organic matter not bitumen.......... 9.83 9.60 
Nilbierell TARAS, Se goa codd 2oSh oop ellen 34.98 34.92 


A sample of very dry Egyptian asphalt and one from the Athasbasca 
River region were selected as representing the extremes of variation in 
composition, and the solubilities in petroleum spirit and acetone com- 
pared, as follows: 


| 

| Egyptian | Athasbasca 
Caco tiplenimeacetOnertes dasa. 0 +. oa «ce nee assests: 8.68 24.33 
% soluble in petroleum spirit.............--+-+++++---- 38.03 73.86 


Acetone should not be substituted for petroleum spirit unless notice 
is given in the report of analysis. 
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Sadtler furnishes the following figures obtained by the acetone 
method, but gives no comparative analyses. It is to be noted that 
the Trinidad and Bermudez samples were the commercially refined. 


Trinidad Bermudez | Alcatraz (liquid) 


SolubletniacetOMen. ears eis ea steel 46.40 66.47 89.21 
Soluble an ichlorofornts..5. 26. . =) I5.14 29 .66 9-39 
Organic matter not bitumen...... 3.02 5.70 trace 
IMiimeralemattent. ust sec leleuetasal « 35.44 2.25 I.40 


In the report of the Commissioners of Accounts of New York City, 
Prof. Peckham refers to the fact that Dr. S. P. Sadtler had suggested 
a systematic examination of different natural bitumens with different 
solvents of fixed purity, and presents a brief account of work he was 
engaged in of this nature in treating Trinidad pitch. He first used 
95% methyl alcohol, then pure acetone, next ethyl ether, and finally 
pure chloroform. In each case a certain amount passes into solution, ‘ 
the larger amount going into solution with the acetone and chloro- 
form. In all cases, however, the material extracted seemed to be dis- 
tinctive and not as Dr. Endemann suggested that no clear lines of 
demarcation would be found. 


ULTIMATE COMPOSITION OF ASPHALTS. 


The ultimate composition of an asphalt will, as a rule, be of little 
value in determining its application in engineering or industrial opera- 
tions. The amount of sulphur and nitrogen may be of some moment. 
The former is regarded by Richardson as influencing materially the 
hardness of the asphalt by inducing polymerisation, but this view has 
not been accepted by all experts in this field. The oxidation of the 
sulphur, which is probably mostly present in combination with hy- 
drocarbons, in forms analogous to the mercaptans, may produce acids 
which will injure the asphalt proper or the paving mixtures made with 
it. Nitrogen is usually present in small amount, and, in part at least, 
in the form of pyridine derivatives. 

The following explanation of the absence of oxygen is quoted from 
Richardson (J. Soc. Chem. Ind., 17, 29, 1808). 
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“According to Dana’s Mineralogy, ‘asphaltum or mineral pitch is a 
mixture of different hydrocarbons, part of which are oxygenated;’ and 
it is stated that ‘the fluid kinds change into the solid by the loss of 
a vaporisable portion on exposure, and also by a process of oxidation, 

. which consists first in a loss of hydrogen, and finally in the oxidation 
of a portion of the mass.’ Many other writers on the subject also 
express the same views. For the purpose of determining how far these 
statements were to be relied upon, since my earlier investigations of 
the bitumens of Trinidad, Bermudez, and some other asphalts had not 
shown that they contain oxygen, I have had complete ultimate analyses 
made of most of the pure bitumens previously examined for sulphur, 
and the results have been given in the same table. It is evident that 
among this large number of malthas and asphalts there are none, the 
soluble bitumen of which contains oxygen to an appreciable extent, al- 
though they all contain sulphur and nitrogen. It is, however, easy to 
explain how the earlier analyst reported oxygen as a constituent of 
many asphalts. As shown by several recent investigators, the complete 
combustion and estimation of carbon and hydrogen in the higher 
hydrocarbons is an extremely difficult thing, the tendency being 
toward the formation of acetylene and unsaturated hydrocarbons in- 
stead of carbonic acid and water, so that there is a deficiency in the 
amount of the latter found in an analysis, unless the greatest care is 
used. This had been commonly and naturally stated as oxygen. At 
the same time most analyses ignored the presence of sulphur and ni- 
trogen, so that the amount of these elements is included in the stated 
percentage of oxygen. It is not surprising, therefore, that oxygenated 
hydrocarbons are frequently spoken of as occurring in asphalt, and it 
is equally plain that none exist in the bitumens of which they are com- 
posed. With the amount of sulphur present in most of them this is 
not surprising, as this element easily substitutes oxygen in most of the 
hydrocarbon derivatives.” 

The following figures are taken from results given by Richardson 
(Ibid., 1'7, 29 (1898), who gives all the elements present in the bitumi- 
nous matter. In each case the percentage is calculated upon the 

. extracted bitumen. 

The figures for the sulphur are instructive when compared with 
the consistency. As a rule, it is highest in hard asphalts and lowest in 
malthas. 


Q2 


BITUME 


NS. 


ULTIMATE COMPOSITION OF THE BITUMEN OF ASPHALT, 
MALTHAS, ETC. (HARD ASPHALT). 


In extracted bitumen 
Consistency 

iS) () H N Total 
IN Bivaiclarectoieteckis. cere (elle; uci mena? Pitch ane os 9.76 | 79.58 9032-5. 30 99-95 
exase Uvalde Companys. .s+.. | Ellard... 9.60 | 80.32 | 10.09 | 0.28 | 100.20 
fangs ARCOM). % 0p era's, Mee his Stas le Pitelt ges cfecoe 9.39 | 79.56 8.80 | 1.40 99.15 
IDEA BOAS COL IRE KO Maer BRT te RE Cer Patel aan cme 8.52 | 80.87 | 10.42 | 0.19 | 100.00 
Cuba mB eyacalsst occ eshte rs Pitches 8.28 | 82.98 9.44 | 0.09 | 100.79 
Calirornia, \Waldort,s.. se a eacea|| Elard!. jr 6.48 | 82.77 | 10.62 | 0.35 | 100.21 
California. LabPatera:stis....c0. | Hardin. 6.23 | 83.30 9.88 | 0.70 | 100.11 
Pierasclevcl pleakG isin eleven Aha ets) Soteke 7 eye)|| ERATO smear 6.16 | 82.33 | 10.69 | 0.81 99.99 
NOD ARO Ma ternie ernie als fedsjule ety sister ec Pitch. ae - 6,26 | 83.37 | 10.54 Jen 8o |) too. 57 
PU Veen teaser eceha Sse Stats ayes eaeeah a Hard), a. tts 6.14 | 83.98 9.19 | 0.09 99.49 
Montanashardenedieesus snes lard... sess fe Me, Mee stcualll a5 hice See Utena 
California, Santa Maria.....:.... Cheesey 5.69 [82.79 | 11.58 | ©.48 | 100.54 
“BiababielKolh ti Ehalsle pera cigar einer Oo andy ase em 4.98 | 83.65 | 10.7 0.45 99-94 
IB rance, South sg os elanse » wares Piard Seen 4.78 | 82.07 | zr.58 | £556 99.99 
Venezuela, Bermudez, hard Medium SOS AN crete eee eM toe eee, 
WUCtlys ROCK Gesniiae an sia werd ...| Medium 3.09: 1] 84.95 | 15.34 338 || Too.32 
TRGMUUCK Vaclav d.sixeoniolp ate sie a als este Medium 3.30) S416 erz25a 4258 99.65 
Mexas, cnio (Grandes owes secs ween Medium S DBinlll ee erates conte Al ees 
Bermudes Hard... ciac.t eiereteate-sisuelth, wou a teeie ae tells B SOR Forces gue ae OFS eo 
Bermudez.u(rmal Fas) actiecae) o sie versls\ Mecleisiees caer sie Oy Pris eu na biers a roe ee 
Monterey caralt ia) saute «istste se t Masrseate cr cnaace 3035 il orcas ese ea vaste 
IMIS AROKS 5 Soba OGG Pang DE)! Sige eoston Sp Ti 48a SEG All meee Ba, wlll pace 
California, Alcatraz Gnaltha),.... | «..++...+5 Lesa wleecn. ct ip someon noes” bell limtees cicgae 
CGRigETte AEA cas 5 cuvstaddidthalt, Sate tes oie taade Ee co ae eee te ee Pe: tl Via 
Albertite, New Brunswick........] ....-..... BO" PM sores be avert ‘O42! Nh seielecs 


Bromine and Iodine Absorption.—Endemann obtained the follow- 
ing figures for iodine absorption. No hydriodic acid was formed, 
hence the iodine all formed additive compounds: 


Trinidad 
=g = Mexican 
Land | Lake 
fodines,7 inv2o hours.ss. sues e 20.32 | IQ .04 21.90 


Richardson gives numerous observations of bromine absorptions. 
The following percentages are taken from his tables: 
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BROMINE ABSORPTION AND SULPHUR IN ASPHALTS, ETC. 


Bromine | 
Sulphur aieorption HBr 

amc Oil apring. A... vss Sen welh-aeees en { 29-23 oe 

21.09 10.87 

abrimudad  puresbitumen'.....\45 6. cance dhe ae eee: { Saute 12 a 

i? 29.99 i235 

Petrolene’? | Ltimidad............... 3-25 24.46 9.54 

Bermudes ....6..)sa tiene 3.01 19.75 8.40 

“Asphaltene” pirinicad ana ceer rire 10.07 32.89 | 7.43 

Ieee eleva nediga vas 4.78 25.38 Foes 

Bermudez, soft asphalt, middle of lake. 5.23 { AD AEs 

24.22 15.31 

Burmudez, soft halt, mid 21.80 13-74 

softer asphalt, middle of lake 5.87 37.69) | ee 

Bermudez, softest asphalt, middle of lake]............ 20.83 eee) 

: a 26.78 15.74 

Bermudez, oil volatilised from the [ 23.21 12.21 

AISOINEIN ES 0.0.c)o ce tO OE Ie ene ean 3°37 23% 00 14.07 
Aspbalticemaltham Callegn. .s).4./0. 5 - I.40o atric mal ig icar cone 

4 23:<73 5 31 

iRedemarlesmetined ss. .2 Js... ones 39-1 aes 

edernarles refined : 2.29 38.54 76.83 

A +s £ 25.40 16.95 

leatraz liquid-asphalt.............:.. Tea { oom 10.85 
Asphaltcement trom Berlin suriace....)...4-..9. + es iss eS aa 
FPTEES Ugo URE ereyresstaiay > © eyeiteoy rere, 3 6 0). » 4.22 SCE kao 
INGTOSCNO MET Peas cise fe ces ade EOSIN a wens { 4 oe eae Xa es 
Petroleum residuum, Penn............ 0.60 20.80 a "16.40 * 

PetrOleuMmenesiGUUMM, CMM re ta» « - 0.46 22715 15.82 

Petroleum residuum, Ohio............ 2.26 34.07 EO). 72 

Petroleum residuum, Ohio............ Ny) Badd Il .23 

Asphalt oil distilled 77 vacuo, 210°-220°. tas 23.07 9.16 

Asphalt oil distilled iz vacuo, 260°.... 0.84 23.80 7.41 

Asphalt oil distilled 7m vacuo, 270°.... 0.55 21.42 8.82 


Nature of the Hydrocarbons in Asphalt.—Richardson has 
studied the hydrocarbons in Trinidad 
fractional distillations, under conditions which reduce to a minimum 
the liability to cracking. The lighter oils seem not to contain par- 
affins, olefines, acetylenes, or naphthenes, but to belong to a dicyclic 


series. 


and Bermudez asphalts by 


Artificial Asphalts——Many attempts have been made to employ 
the pitches and residuums from coal-oil and coal-tar as substitutes 
for asphalt. ’Some of these paving mixtures have been laid exten- 
sively in American cities, but have almost always been unsatisfactory. 
A few special forms of substitute asphalts deserve notice. 
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“Pittsburg flux’ is produced by heating coal-oil residuum with 
sulphur; much of the latter is converted into hydrogen sulphide and 
escapes, but a notable amount is retained. A tough and sticky mass 
is produced, which melts only at a high temperature. It differs, how- 
ever, from true asphalt in several important particulars. 

“Sludge asphalt” is made from the sludge-tar of the petroleum 
refinery by the use of sulphur, and resembles asphalt more closely 
than does ‘‘Pittsburg flux.” 

“‘Byerlyte” is made from the heavy petroleum oil left after the burn- 
ing oil has distilled. This is heated gently for five or six days, a current 
of air being passed through continuously. It contains, of course, no 
sulphur, but the quantity of oxygen is not large. 

A typical method of this kind is described as follows: 

About 3.5 tons of petroleum residue of 18° B., are placed in a 
hooded pan and heated to 193° C., whereupon air is blown into the 
contents through a perforated coil for 40 hours, the volume of air 
admitted per hour being 5,000—-6,500 cu. ft. during the first 32 hours 
and 3,000-4,000 cu. ft. during the remainder of the time. The mass 
becomes thicker and an increase in the internal heat is noticeable. 
The loss in weight amounts to 3.5-4%. 

The changes occurring during the operation are shown in the follow- 
ing table, giving the composition of the mass at the different times 
specified. 

The increased proportion of asphaltene marks the improvement of 
the product for the purpose in view. 


Hours 
° 16 32 | 40 
% % % % 
JEL Gale) FSaL eat A RONDE in SR CRS RO eh MEME | erin 90.51 74.40 973-34 
MNS MIQAU GTI Ole cata ie alot ster iva teeses/om" alerts rereae ae ane ees Pee 8.03 23.46 25.14 
Otherorganio matter... sa... nee ete ae 2.50 0.85 I.40 0.89 
IMimere Werte t bei ron .iarercice meencrs cactus Mecho eee) Mamie Meee °.61 0.70 0.63 


In addition to these substitutes there is the residuum from the 
distillation of oils with heavy asphaltic bases. In America the prod- 
ucts have commercial importance from both California and Texas 
petroleums. Being sulphur petroleums, the action of sulphur in the 
hydrocarbons, especially in the case of the Texas oil, produces as- 
phaltic material in addition to that naturally occurring in the oil. 
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ASPHALT FLUXES. 


Because of differences (largely of a physical nature) between as- 
phalt fluxes and hard asphalts, a special series of tests is given, as 
suggested by Clifford Richardson. 


PHYSICAL PROPERTIES. 


Sp. gr., dried at 100°, 25.5° 
Flows, cold test 


Wien ChOSCODE . naw inpatient Cee ta ei aire 
Mlasheswc Nu Vo. otate: oil testeracenents sein wake claw eee 
WASCOSILV sna.) Re) Pipette serene 


CHEMICAL CHARACTERISTICS. 


Original substance: 

Loss, roo°, x hour or until dry 
Dry substance: 

TEOSSMUGZ a7a.0'7 OUTS steve wets etsienet eee et eats oop eee one 

Gharacterol resid We ie jn.c,cvi noc eels a cree ak 

Penetration Ol TesiGueat'25.5o as.)ie mone sine cea 

(Loss, 204.4°) 7 hours (fresh sample)................-. 

Gharacterolresidue’ Soe ..ucre meas nice creas sears 

Penetration of residue at 25.5°....... ley Reae Men 
Bitumen soluble in CS, air temperature:..:...:.....5..4-« 
Orsanremmatten mSOlbles sy cmccme scare lees cur arene. eo 
Ona nicrOnmmaimeraly MALtCLes cle get) Jie etches « letra lela 
Bitumen soluble in 88° naptha, air temperature, pitch ..... 
% of soluble bitumen removed by H2SO,................ 
% of bitumen as saturated hydrocarbons...../........... 
7 OtsSOlidparattins ssc. wae ee Rit a Miiicrs ols SiSDRe oie isle mur 
Bitumen yields on ignition: 

Ei Ke CGATDOMMee es siincancasieis crates» oth ateMecsealrdam at eetie 


The methods used in making these determinations are, as a whole, 
the same as those described for hard asphalts with the following 
modifications. 

Sp. Gr.—The sp. gr. on oils or fluxes is taken on the material 
either dried at 100°, or, if there are light oils present volatile at this 
temperature, on some of the oil freed from water by being swung in 
the centrifugal. 

Heavy fluxes too dense to employ a pycnometer with are filled into 
an open specimen tube, 10 cm. long, 2 cm. in diameter, and holding 
about 27 grm. of water, even with the top, which is ground flat and 
parallel to the base. The weight of this volume of oil at 25.5° is 
compared with that of water at the same temperature. A preferable 
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way of obtaining the sp. gr. of very viscous tars, malthas, etc., is given 
under ‘‘ Bituminous Road Material,’ page ror. 

Flow Test——Some of the oil is chilled in a large test-tube and 
gradually allowed to attain the temperature of the room. The point 
at which it will flow in the inclined tube is the flow-point. 

Colour.—This is found by examining the reflection from the surface 
of the cold oil. It is intended to be that revealed by reflection and not 
by transmission light through a thin film. 

Odour.—The odour can be described as that corresponding to diff-. 
erent kinds of known petroleum in the cold or on heating. 

Microscopic Examination.—The appearance of an oil that has been 
heated is noted under the microscope to determine the presence of 
material insoluble in the main mass of the oil. 

Flash -Point.—The flash-point is determined in a New York State 
oil tester.'! The water-bath is of course removed and the oil heated 
directly with a flame of a size to raise the temperature at the rate of 
20° F. per minute, and a small flame from a capillary glass or metal 
tube is used for flashing. ‘The flame should be applied at 5° intervals. 
The determination should be repeated on such oils as flash at unex- 
pected temperatures. The water must be removed from the oil or 
flux before putting it in the tester cup, either by heat or by the 
centrifugal. 

Open tests of high flashing oils are not reliable and, at best, with 
the closed tester a reading of 5° intervals only need be sought. 

Viscosity.x—A_ sufficiently satisfactory determination of relative 
viscosity for comparison of two or more oils may be obtained with a 
Pennsylvania Railroad viscosity pipette, heating the oils to 37.7°, 
or to such a temperature that they will flow freely. 

At high temperatures it is necessary to surround the pipette with 
a water-jacket to prevent chilling. 

Loss at 100°.—The water or loss of light oils at too® is deter- 
mined by weighing out 20 grm. in a crystallising dish, such as de- 
scribed for use in the determination of loss at 162.7° in hard asphalts, 
and heating in the oven described, at the temperature named, until 
the oil has ceased foaming. The precautions previously noted should 
be observed. Where oils contain a large percentage of water, this is 
better determined by the centrifugal method or! by dilution with 
naphtha. ° 


1 See Eimer and Amend, New York, Cat. No. 6882. 
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Drying an oil or flux for subsequent examination is done by heating 
a large volume in an iron dish over a flame, with constant stirring, 
unless it contains much light oil, when the centrifugal method alone 
can be used. 

Loss at 162.7° and 204.4° in Seven Hours.—Separate portions 
of 20 grm. of the dried material are taken for each determination and 
are heated to these temperatures in the manner described for solid 
bitumens. The residues from these oils which have been so heated 
are examined as under Asphalts. This is to show whether heat at such 
temperatures has seriously affected the bitumens. 

After cooling, and weighing, the appearance of the residue is noted, 
especially as to whether it is smooth or granular, owing to the presence 
of paraffin, the temperature at which it flows, whether it pulls out to a 
long string or is short. If it is so hard that it does not flow except on 
raising the temperature above 37.7°, its consistency is determined 
with the penetration machine either at 37.7°, or at 25.5°. or at low 
temperatures. 

The residue should be examined under the microscope to determine 
whether, owing to the nature of the fluxes, they have been at all de- 
composed at these temperatures with a separation of insoluble pitch, 
which is an evidence that the original flux must have been more or less 
cracked in the process of manufacture. 

Total Bitumen; Inorganic Matter and Organic not Soluble; 
Naphtha Soluble Bitumen.—These determinations are arrived at by 
the methods already described for hard asphalts. 

As the oils and fluxes are more easily soluble, it is unnecessary to 
let the solvents act on them for so long a time as in the case of hard 
asphalts. There is little object in using 62° naphtha with oils or fluxes, 
as there is too little difference between its solvent power and that of 
bisulphide of carbon with such materials to make it worth while. 
The residue insoluble in 88° naphtha, however, shows how much de- 
composition there has been in fluxes which have been subjected to 
excessive heat. 

Determination of the Character of the Hydrocarbons in 
Fluxes.—The character of the hydrocarbons in any of the heavy oils 
used for fluxing purposes is determined by treatment with sulphuric 
acid after the method described for use with malthenes from hard 
asphalts. 

Physical Tests on Asphalt Mastics and Paving Compositions.— 

Vor. ITI.—7 
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The chief tests applied on samples of the finished preparations are the 
tensile strength of briquettes with a machine such as is used for testing 
cement briquettes and the penetration test with some form of pene- 
trometer, such as that of Bowen. 

The following table shows the differences in tensile strength and 
penetration of some paving compositions according to Hanenschild 
(Deutsche Topfer u. Ziegler Zeit., Dec., 1881). 


: Tensile Penetration of 
ibs geome strength in| iron point ac- 
Asphalt sample f & kg. per | cording to Ran- 
Ce ccm. kine at 27° mm. 
Stamping asphalt Val de Travers, Crushing at s2 kg... 26.5 6-7 
fresh 
Stamped Berlin Street asphalt. Splitting apart at 93 30 7-8 
f kg. 
Berlin “‘Trottoir’’ sheet asphalt-| Breaking into pieces 24.38 5-6 
“Lim 3 at 65 kg. 
Artificial asphalt from coal-tar, old! Breaking in cracks at 29.0 I-2 
stall floor. 148 kg. 
I Hungarian natural asphalt, normal) Breaking in pieces at 25.2 4-5 
108 kg. 
II Hungarian naturalasphalt, much} Quickly crushing at 36.75 2-3 
overheated. roo kg. 
III Hungarian naturalasphalt, much} Quickly crushing at 36.75 4-4-5 
overheated. 112 kg. 


Tests of Asphalt Lutes and Cement (suggested by Dr. Kohler, 
“Chemie und Technologie der natiirlichen und kiinstlichen Asphalte) : 
1. Adhesive power; 2. Water-proof character; 3. Resistance to acids 
and alkalies; 4. Proof against plant roots; 5. Elasticity; 6. The 
holding of the most constant plasticity through certain limits of tem- 
perature; 7. Resistance to pressure. Fig. 3 shows the apparatus used 
to test the adhesive power. Mercury is allowed to flow from A into 
B until the weight is sufficient to pull the plates apart. 

The water-proof character is shown by carrying water under 
pressure through terra-cotta pipes, joined together with the asphalt 
cement. 

Roofing Papers.—For the examination of the quantity and the 
character of the bitumens impregnating materials, the paper is ex- 
tracted with benzol or carbon disulphide. In estimating the amount 
of tar used, about 20% is added to the amount extracted for the free 
carbon that remains in the paper. 


The physical tests applied are the thickness, the tensile strength, and 
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degree of resistance to water. The latter test is made by immersing 
in water for 24 hours and then noting the increase in weight. 

As some papers become older they become more porous and the 
sand, gravel, powdered coke, etc., aids in carrying water through the 
body of the paper. 

Action of H,SO, on Bitumens.—As part of a very extensive 


WHT. 


Fic, 3. 


scheme of investigation of asphalt pitches, Richardson experimented 
with the action of sulphuric acid of different strengths on the naphtha 
soluble portion of asphaltic bitumens. 2 grm. of each sample were 
extracted with boiling 88° gasoline and this solution was shaken with 
2 amounts of acid in each case, and after the acid treatment washed 
with sodium hydroxide and the results noted. 
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In the last 2 or 3 years this branch of analytical work has become 
necessary, due to the large consumption of materials used for making 
asphalt and tarmacadam roads. The bituminous material should have 
the maximum cementing strength and sufficient non-volatile constit- 
uents. The following tests have been selected by Clifford Richard- 
son and C. N. Forrest as best adapted to meet specifications. 

Sp. Gr.—The sp. gr. of light oils is determined with a pyknometer or 
a Westphal balance at 25°. Heavy substances, too viscous for test by 
the above instrument, are examined by the Kirschbraun method: 

Take a test-tube about half an inch in diameter and cut it off to give 
a 1 3/4 inch by 1/2 inch tube. Flare it out to carry a fine wire. Put 
about 10 grm. of the oil or asphalt into it, and suspend it into an oven 
to remove air bubbles and drive off the water. Cool and weigh ac- 
curately in air and immerse in distilled water at 25° to a fixed mark on 
the wire and weigh. Previous. to filling the tube with the sample, 
determine its weight carefully in air and in water at 25°, immersed to 
the fixed mark. ‘These weighings give the weights of the tube alone 
in air and in water, and the combined weights of the tube and sample 
in air and water. 

The gravity is calculated in this way, representing 


Wels DOMhG begin alter sie vyeetks skeet tiers eee aetaryeren aes a 
Weightottuberand sample inialt... tn. sana senna b 
Welsltrotgmibetimnwatenancaneaais skies crs tae aoe Peer c 
Weight of tube and sample in water..............0:..-.--: d 
Wt. in air of sample 
Sp. gr. = 


~ Loss of wt. in water” 


in this case becomes 
b—-a 
(b—a) — (d—c) 
When the gravity of the sample is less than unity the second ex- 
pression in the denominator is a negative (d —c) quantity and is added 
to the original weight of the sample (b —a), inasmuch as the buoyancy 
of the sample will overcome its own weight, and, to a certain extent, 
will also reduce the weight of the tube in water, making c greater than d. 
The formula in this case may be also expressed so: 


b-a 
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When the gravity of the sample is greater than unity, d will be 
greater than c and the first formula applies without confusion. As an 
example, take a blown oil, the gravity of which was determined in 
Richardson’s laboratory according to this method: 


Weight iol tubemmalnas. mee elie eee eee a= 4.7870 
Weight of tube and sample in air..........-:.... b=16.7900 
Weight of tube in water, 25°. vbvng atte c= 2.8565 
Weight of tube and sample i in Water +: 08,008 lecthoae d= 2.6425 
by formula (2) 
16.7900— 4.7870 __ 12.0030 
Sp. gr. = =,9817 


(16.7900—4.7870) (2.8665—2.6425) 12.2170 


This may seem rather complicated at first, but it will be noticed that 
the factors a and c are constants, which can be used for the same tube 
without change, and the calculation becomes very simple after a few 
trials. 

The advantages of the method are in doing away with the incon- 
veniences of handling a large amount of oil, and the ease with which 
air bubbles can be removed. Of course, it can be used only with oils 
which are viscous enough to be retained in the tube when under water. 

Flash Test.—The flash-point is determined in a New York State 
closed oil tester. The water-bath is, of course, removed and the oil 
heated directly with a flame of a size to raise the temperature at the 
rate of 6.6° per minute, and a small flame from a capillary glass 
or metal tube is used for flashing. ‘The flame should be applied at 
5° intervals. ‘The determination should be repeated for such oils as 
flash at unexpected temperatures. 

The water must be removed from the oil or flux before putting it 
in the tester cup, either by heat or by the centrifugal. 

Bitumen Soluble in Carbon Disulphide, or Total Bitumen.— 
1 grm. of the dry material is weighed out and introduced into a 200 c.c. 
Erlenmeyer flask of Jena glass, and covered with about 100 c.c. of 
carbon disulphide. It is then set aside for at least 5 hours, or over- 
night, at the temperature of the laboratory. In the meantime, a 
Gooch crucible is prepared with an asbestos felt and weighed. This 
Gooch crucible is of a special form, with a large filtering surface. 
It holds 30 c.c., is 4.4 cm. wide at the top tapering to 3.6 cm. at the 
bottom, and 2.6 cm. deep. This is much better for percolation work 
than the usual narrow form of Gooch. The felt is made by beating 
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up long-fibre Italian asbestos in a mortar, and suspending the finer 
particles in water and quickly pouring off from the coarse particles. 
Too much of the latter should not be removed, or the felt will be too 
dense. The decanted asbestos and water are shaken up, and what is 
found to be a proper amount poured into the crucible, which has, in 
the meantime, been attached to a vacuum filtering flask by the proper 
glass and rubber connections. As soon as the asbestos has somewhat 
settled, the vacuum-pump is started, and the felt firmly drawn on the 
bottom of the crucible. It is then dried, ignited, and weighed. 

After standing a proper time, the disulphide is decanted very care- 
fully upon the filter, which is supported in the neck of a wide-mouthed 
flask and allowed to run through without suction. The flask, after 
being tipped to pour the first’ portion, is not again placed erect, in 
order to avoid stirring up any insoluble material, but is held at an 
angle on any suitable base, such as a clay chimney. After all the di- 
sulphide has been decanted, more is added and the insoluble matter 
shaken up with it. This is allowed to settle and decanted as before, 
the insoluble matter being finally brought on the filter and washed 
with the solvent until clean. The excess of disulphide is allowed 
to evaporate from the Gooch crucible at the temperature of the room. 
It is then dried for a short time at 1oo° and weighed. ‘The loss of 
weight is the percentage of bitumen soluble in carbon disulphide. 

In the meantime, the filtrate, transferred to a platinum dish, is 
placed in a good draught and lighted. When all the bisulphide has 
burned, the bitumen remaining in the dish is burned off over a lamp 
and the mineral residue, which escaped the filter, is weighed. The 
weight is added to that of the Gooch crucible or subtracted from the 
% of bitumen found without its consideration, as a correction. 
Care must be used in this method of procedure that the solvent does 

-not creep over the sides of the crucible and that the outside is free 
from bitumen before weighing. In order to avoid this, the crucible 
is preferably supported in the neck of a flask with three constrictions, 
the neck extending above the top of the crucible and the latter being 
covered with a watch-glass. 

Naphtha-soluble Bitumen.—1 grm. of the substance is weighed 
into a 200 c.c. Erlenmeyer flask, covered with naphtha and allowed 
to stand, as in estimating total bitumen; in fact, the entire process is 
the same, with the exception that one or two precautions must be ob- 
served. It is well not to attempt to break up any lumps with a stirring 
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rod, as the substance, especially the softer asphalts, may then adhere 
to the rod or flask, and be difficult to detach. It may also be neces- 
sary to treat the substance with several portions of the solvent. No 
heat is applied at any time in the process, and the filtration is made 
without suction. The filtrate containing the naphtha-soluble bitumen 
is evaporated spontaneously in a crystallising dish until the naphtha 
is expelled. At 25° the residue in the dish is tested with the fingers 
to ascertain whether it is merely oily or of a sticky and adhesive 
character. 

Residual Coke or Fixed Carbon.—This determination should 
be made according to the method described for coal in the J. Amer. 
Chem. Soc., 1898, 20, 481-5. 

The residue minus the small impurity of ash in the pure bitumen 
is the fixed carbon, which should be 
calculated to 100% with the volatile 
hydrocarbons, excluding the inorganic 
matter. 

Paraffin Scale.—The distillation 
method is employed for this purpose. 

roo grm. of the oil is distilled rapidly 
in a 6-oz. retort to dry coke. 5 grm. 
of the well-mixed distillate is treated 
in a 2-0z. flask with 25 c.c. of ether 
(for anesthesia); after mixing together 
thoroughly, 25 c.c. absolute alcohol is 
added, and the flask packed closely in 
a freezing mixture of finely-crushed 
ice and salt for at least 30 minutes. Filter off the precipitate quickly 
by means of a suction pump, using a No. 575 C. S. & S. 9-cm. 
hardened filter, cooled by the above freezing mixture in a suitable 
apparatus (see Fig. 4). 

Rinse and wash the precipitate with 1 to 1 (absolute) alcohol and 
ether mixture, cooled to o° F., until free from oil. 50 c.c. of the wash 
solution is usually sufficient. When sucked dry, remove the paper, 
transfer the waxy precipitate to a small glass crystallising dish. Dry 


on a steam-bath, and determine the weight of paraffin scale remaining 
in the dish. 


Wt. of paraffin 
Distillate taken 


original _ 
xX % Suna a % paraffin scale. 
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Viscosity.—The viscosity of bituminous road material is determined 
in the Engler viscosimeter at any temperature desired. The full 
quantity, 250 c.c. is placed in the apparatus and raised to the tempera- 
ture at which it is desired to make the test. 100 c.c. is then permitted 
to flow into a graduated flask of the above capacity, and the time of 
the flow in seconds is noted. The result may be expressed either in 
seconds or by ratio compared with the time of flow of a similar quantity 
of water at 25°. 

Road binders should be too viscous for testing in the Engler appara- 
tus at temperatures below 121.1° to 176.6°, and to determine the 
consistency of such materials at normal or slightly elevated temperatures 
the New York Testing Laboratory float apparatus is employed.* 

The apparatus, which is made by Howard and Morse, Brooklyn, 
N. Y., consists of two parts, an aluminum float or saucer, and a conical 
brass collar The two parts are made separately for reasons of economy, 
so that 1 or 3 of the floats will be sufficient for an indefinite number 
. of brass’ collars. 

In using the apparatus, the brass collar is placed upon a brass 
plate, the surface of which has been amalgamated, and filled with the 
bitumen under examination, after it has been softened sufficiently 
to flow freely by gentle heating. 

The collar must be completely filled, and as soon as the bitumen 
has cooled sufficiently to handle the collar is placed in ice-water at 5° 
for 15 minutes. It is then attached to a float and immediately placed 
upon the surface of the water, which is maintained at 32.2° or any 
other temperature desired. 

““As the plug of bitumen in the brass collar becomes warm and 
liquid, it is gradually forced out of the collar, and as soon as the 
water gains entrance to the saucer the entire apparatus sinks below 
the surface of the same. 

“The time, in seconds, elapsing between placing the apparatus 
on the water and when it sinks, is determined most conveniently with 
a stop-watch, and is considered as the consistency of the bitumen 
under examination.” 

Cementing Value.—Petroleum oils have very feeble, if any, cement- 
ing value. Materials requiring a high temperature to flow freely 
will not adhere to cold road metal. To determine these properties, 
the metal under examination is heated to the temperature at which it 


1Eng. Rec., Vol. 59, p. 584, May 1, 1909. 
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is used in practical work, and a portion is then flowed over the surface 
of aslab of marble or glass, 4’x5’’x1’” thick. After standing 24 hours at 
25°, the film upon the stone must be decidedly sticky when tested with 
the fingers, and must adhere to the stone so that it cannot be pulled off. 

Volatile Substances.—100 grm. of the material is placed in a 
6-oz. tubulated glass retort, with the bulb of an accurate thermometer 
in the same. Heat is now applied so that the temperature rises at 
the rate of ro° per. minute to 700° F. The distillate, if any, is re- 
garded as the amount of volatile substances in the material. The 
residue is examined by the New York Testing Laboratory float for 
consistency, and compared with the results obtained upon the original 
material by this test. 
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The parallel products obtained by the distillation of crude petroleum 
and the oil or tar from bituminous shale (page 16) present a marked 
similarity in general character, though differing notably in certain 
respects. As a rule, the treatment of petroleum is a much simpler 
operation than the manufacture of marketable products from crude 
shale oil, but, broadly speaking, the same method of treatment is 
applied to both of the raw materials. The process employed consists 
essentially in fractional distillation, and treatment of the separate 
fractions successively with sulphuric acid and caustic soda, to remove 
bodies of acid and basic character and to destroy the less stable 
hydrocarbons. The less volatile portions deposit paraffin wax on 
cooling. The following table shows in parallel columns the character 
and quantities of the products obtained in first-class works from crude 
American petroleum of 0.800 sp. gr. and Scotch shale oil produced at 
the works of the Broxburn Oil Company: 


From petroleum From shale oil 
Products 
Sp. gr. Percentage Sp. gr. Percentage 
Cymogene and rhigolene ........... =§90 to: .625)|| very simall|! sos. scre o 6 very small 
Gasolene etwas cvhisakesettcits 4 Coren +636 tO 1657 | 2.0 to x. 5 
“C” naphtha (‘‘benzin-naphtha’’).. +700 % tO 1c 
SE maT DIONE cree € Me esta te aeteeia -714 to .718 2.5 OSS 5 
aoe naphtha (benzin”) 20.) cac. +. -725 to .737| 2.0t0 2.5 
Kerosene or burning oil............. -802 50 to 70 |o.800 to .810 37 
HEU TAGE PILI Q OU. arercies ore yettns) eieiavearereteiaie .875 2.5tO17 0.885 17 
WP Sia P TWAS fo,o.c.s marcel oletueligietete Geen clllain een ree Bi PP Witegs wire Clerc 13 
CGkem Gas and LOSS. e. cmcclemistcsrets eee et oe ee eee SRO! MOL WW aevsiasic's:crcs 28 
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The yield of burning oil from any sample of petroleum may be 
increased nearly 20% with corresponding diminution of heavier prod- 
ucts by a modification of the distillation by which the hydrocarbons 
of higher b. p. are changed by dissociation into bodies of lower b. p. 
This process, technically known as ‘‘cracking,” was discovered by ac- 
cident in an American refinery about 40 years ago, and is now generally 
adopted since an increase in the burning oil is the most valuable result 
to the refiner. The chemistry involved in the change is not thoroughly 
understood. It is carried out in practice by arranging the distilling ap- 
paratus so that the hydrocarbons are condensed and fall back in drops 
upon the much hotter body of the liquid in the still. By this action the 
condensed oils become overheated and changed. Burning oils 
obtained by this method are different from, and somewhat inferior 
to, those produced by normal distillations, but the process, as noted 
above, is very much in vogue. 

The Abruzzo bitumen is said to yield on distillation: 


% Sp. gr, Flashing point, ° 
IB Cem OPO rect ay let eve cist < <ycye aoa Shares I5 0.850 RAaRS 
ITNISET GENETICS 5 oaciguttcd ¢ One e OO ORS ee 33 ©.945(?) T2te Te 
RIGA isa P ee ietdirste scr ine: <tye dn sans 164 | 0.990( ?) Tat pee 


The products from Russian petroleum are very different in both 
density and percentage from those yielded by the American oil (see 
pages 108, 128 and 129). Rangoon tar of 0.885 sp. gr. gives, on an 
average, the following proportions of refined products: Burning oil 
(sp. gr. 0.832), 30%; lubricating oil (sp. gr. o.gor), 51%; and paraffin 
scale (melting at 51.4°), 10.7%. 

The products obtained by the distillation of ozokerite have already 
been described. 

The number of products into which the more volatile portions of 
shale oil and petroleum are fractionated varies considerably according 
to the practice of the works, but gasolene and the more volatile 
products are obtainable from shale oil equally with petroleum. The 
only commercial product obtainable from petroleum having no 
analogue among the products from shale oil is the substance known 
as vaseline. Sadtler (Ind. Org. Chem.) quotes the following table from 
Wagner’s Jahresbericht, 1886, for the percentage yields of petroleum 
distillation on the large scale: 


108 BITUMENS. 
Ee 
Benzin | nee | od 
Crude oil ie quality | quality Residuum 
volatile | burn. oil | burn. oil | 
oils | 
enusyivania wares einer: 10 to 20 60 to 75 5 to 60 
GANGA. ioyawts ac Se arrsld wh ue evel 3 to 6 55 to 65 30 to 40 
NUSENGES:, 5 Bae Sey SBNsithe tne) USTED, a. ber er, | Pea cera es 35 to 45 55 to 60 
JRO YSETRIEW OETA. 5, ohle olan ieee Eg anya 4 60 to 70 | 25 to 35 
Baku (Bibi-Eibat)..>..........| 10.5 40 eee 36 
Balcun@oalakhan)eeeheey ene. 5 to 6 27 to 33 | Sn0 50 to 60 


The more volatile products from petroleum are briefly described on 
page 111. The similar fractions from shale oil closely resemble the 
petroleum products in their physical characters, but they contain a 
much larger proportion of olefines. This chemical distinction had been 
traced by Allen in each of the parallel products from American petro- 
leum and shale oil, and is the cause of some curious differences in the 
behaviour of these substances as solvents and with chemical reagents. 

The following table gives a general idea of the chemical composition 
of the leading commercial hydrocarbon products derived from bitumi- 
nous shale and American petroleum. Of course, the quantitative com- 
position is liable to considerable variation, and hence must not be in- 
terpreted too strictly. The general and analytical characters of the 
products named in the table are described in the succeeding sections. 
The hydrocarbons from distillation of coal do not admit of parallel 
comparison with those from petroleum and shale. 


Product | Bituminous shale American petroleum 


Naphtha..............| At least 50 to 60% of hep- 
tene and homologues. 
The remainder as par- 
affins, No trace of 


aromatic hydrocarbons. 


At least 75% of heptane, and 
homologues. The remain- 
der apparently olefines, 
with distinct traces of 
aromatic hydrocarbons, 


Kerosene or burning oil 


Lubricating oil 


Waselinesscc.cs 03.08 


Pa metiiamede sieve sc track 


50 to 80% or more of the 
higher olefines. The 
remainder paraffins. 


Chiefly olefines, with some 
polymerised members of 
the acetylenes, 


No such products... 2a 


Paraffins 


50 to 80% of higher members 


of the methane series. 
The remainder chiefly 
olefines. 


A large proportion of higher 
olefines, but less than in 
corresponding shale prod 
uct. 

Chiefly higher (iso-?) par- 
affins of low m. p. 

Paraffins, 
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From this table it will be seen that while the paraffins are con- 
spicuous in American petroleum, shale products are remarkable for 
their richness in olefines. In consequence of this peculiarity of con- 
stitution, concentrated nitric and concentrated sulphuric acid act far 
more vigorously on shale products than on the parallel products from 
petroleum, and the proportion of paraffins given in the above table 
really represents the percentage by measure of hydrocarbons which 
withstand a consecutive treatment with nitric acid of 1.45 sp. gr. 
concentrated sulphuric acid, fuming sulphuric acid, and sodium 
hydroxide, Russian petroleum behaves with reagents much like 
American petroleum, but consists largely of cyclic hydrocarbons 
(naphthenes). 

A much more satisfactory method, and one which gives fairly con- 
stant results, is based on the fact that paraffins and naphthenes do not 
react with bromine, while the hydrocarbons of most other series take 
it up freely, forming additive or substitution products (page 110). 

The following table shows the results obtained by Allen as to 
to the action of bromine on various representative commercial products 
from shale, and American and Russian petroleum. The shale prod- 
ucts were furnished by Mr. R. Tervet; those derived from American 
petroleum (with the exception of the gasolene and vaseline) were 
furnished by Mr. J. Merrill, of Boston, Mass.; and the Russian pe- 
troleum products by Messrs. Ragosine & Co. The solution of 
bromine in dry carbon disulphide was allowed to act on the dry oil 
for from 15 to 30 minutes in the dark, when potassium iodide was 
added and the liquid titrated with decinormal thiosulphate. After 
titration the solution was filtered, and the aqueous liquid titrated with 
standard alkali hydroxide and litmus. From the amount used, the 
proportion of hydrobromic acid formed was ascertained, and from 
this the bromine existing in that form was calculated. 

From these results it will be seen that there is in every case a marked 
difference between the proportion of bromine assimilated by any of the 
shale products and the quantity which combines with the parallel 
product from American petroleum, especially in the lighter fractions. 
It is evident, however, that the results must not be interpreted too 
strictly, for an oil which was obtained by “‘cracking”’ would be richer 
in olefines, and hence would show a higher bromine-absorption than 
one of another kind. 

The results yielded by the products from Russian petroleum are 
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still more striking, though other samples of kerosene have shown 
higher absorptions (e. g., 15%) than those given in the table. 

The following determinations by Mills and Snodgrass were made 
by the process described in Vol. 2, page 26. 


Product Sp. gr. Bromine-absorption 
IGabricatn ce shale: Olleeels ci meeii t= etter ee 0.860 22.2 
ubricatingyshale toile oye wives -ta eyeliner: 0.870 - 20.6 
(eubricating shale Ollign ya. relsede treet 0.890 12.6 
Henbricatiag shale Ollrssralteaye o'r egerters ©.g00 re7, 
co ae Bromine as 
Description of substance Sp : oe a acting with eee 
100 grm, of aaannle 
sample P 
Gasolenes. 
Brom! shale ss cot sitis wela od sminelerihe ioe 0.665 62.2 ae 
From American petroleum............ 0.650 17-9 ZL 
Naphthas. 
molialemmapatha ys. pect ens oie chee 0.720 67.2 4.0 
C. naphtha from American petroleum. . 0.706 bioey e OADo san tDod o 
Burning Oils. 
MTOMISSHAl Sr cn srerund +, Saciew servers cee leyateliey fie 3.0 
From American petroleum ........... 0.800 EYileteye | SalipDO c.c.ores eros 
From Russian petroleum............. 0.821 2.0 O.1 
Intermediate Oils. 
irons shalets tettale ye wiere eres) erences 0.850 Corie no See dae Be 
“Mineral sperm oil’ (American pe- 
ELOLEUIT) Sve a kien ole seietnw or bre Soom 0.847 CEES pe CsA coe cise: 
“Pyronaphtha” (Russ. petr.).......... 0.868 TO) 0.1 
Lubricating Oils. 
ETOUM SHAE mamas syste eras) Mebernacaretets 0.890 25.6 5.8 
Cylinder oil (from shale)............. 0.890 TE OMEE Ml des eeisigee 
From American petroleum (heavy 
Splndlevoil) sana. 2 fee eee ean 2.900 Trey © ailtyaee meet 
From Russian petroleum............. 0.904 4.9 0.8 
“Champion oil’? (Amer. petr.)......... O.QII 9-9 0.8 
Cylinder oil (Russian petr.)........... 0.909 5.8 0.6 
Vaselines. 
From American petroleum (Chese- 
BVROLU LAAN ClO) Leola SAGs RAMS Aoly oa cts 0.856 Um r28 
Proms RUssian! petroleum same meee etiam seers 7 0.3 
Paraffin Waxes. 
roms aler(m p05 20). case eee eras ere eee Ty, O.5 
Eromgpetroleum (as pis s4e) years ale ren re ; 0.9 0.2 
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These results are interesting as showing the diminution of the 
bromine-absorption with the increase in the density of the oil, and 
presumably with the mean molecular weight of its constituents. 


MINERAL NAPHTHA. 
Petroleum Spirit. Shale Naphtha. 


These names are employed to signify generally the more volatile 
fractions obtained by the distillation of petroleum or shale oil. By 
some manufacturers the products from American petroleum are further 
divided into fractions distinguished in following table. B. Redwood 
gives the following classification of the more volatile portions of Ameri- 
can petroleum: 0.637, rhigolene or cymogene for surgical purposes; 
0.642 to 0.648, gasolene for air-gas machines; 0.680, boulevard gas 
fluid for street naphtha lamps; 0.690 to 0.707, prime city naphtha 
(benzolin) for sponge-lamps, etc.; 0.729, benzin, for oil cloth and 
varnish making. 


Commercial name rhe uy Sp. gr. Composition 

Gy mopencasmrcaeritiasccer sh Cae 108 0.588 eee : eee 

e€ ? 
Clale. 

pufehigolenese slice... 94 to 92 | 0.625 to 0.631] Consists chiefly 

a of pentane and 

o isopentane, 

§ C Hy. f 

@ | Gasolene (Canadol).......... 95 to 80 | 0.622 to 0.666] Consists chiefly 

°° of hexane, 

3 CeHi,, and 

Ay isohexane. 

= rma plithacpeae seers) \ 

BoP Benzin-naphtha......... f ZO AOE] Oy ge Oeaio ce 

i) 

: a Bana pata kes cain, a0 66 to 65 | 0.714 to 0.718 

3 a 

° 

1312 UA, ey oeider lee oenon ope } 

ai - ae oe 59 £0.58 [4,70 10.0.745 


Pentane.— With the exception of methane, which exists ina fairly pure 
state in natural gas, pentane is perhaps the only other single constituent 
of petroleum that is obtained from it and used commercially. Normal 
pentane boils at 36. 3°, and so can only be kept at ordinary temperatures 
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in sealed cans, etc. Pentane is burned in the pentane lamp used in 
photometry. According to C. O. Bond (J. Frank. Inst., Mar., 1908, 
189-209) the following methods are adopted in preparing pure pentane 
and testing it. 

Light American petroleum, such as is known as gasoline and used 
for making air gas, is to be further rectified by 3 distillations, at 
55°, 50° and 45° in succession. ‘The distillate at 45° is to be 
shaken up from time to time, during 2 periods of not less than 3 
hours each, with 1/10 its bulk of (1) strong sulphuric acid, and (2) a 
solution of sodium hydroxide. After these treatments it is to be again 
distilled, and that portion of it to be collected for use which comes 
over between the temperatures of 25° and 40° It will consist 
chiefly of pentane, together with small quantities of lower and higher 
homologues whose presence does not affect the light of the lamp. 

Testing Pentane-—The density of the liquid pentane at 15° 
should not be less than 0.6235 nor more than 0.626 as compared with 
that of water of maximum density. The density of the pentane when 
gaseous, aS compared with that of hydrogen at the same temperature 
and under the same pressure, may be taken. This is done most 
readily and exactly by Gay Lussac’s method, under a pressure of 
about half an atmosphere, and at temperatures between 25° and 
35°. The density of gaseous pentane should lie between 36 and 38, 
hydrogen being taken as 1. 

Any admixture with pentane, of hydrocarbons belonging to other 
groups and having photometric value—such as benzene or amylene— 
must be avoided. Their presence may be detected by the following 
test: Bring into a white stoppered glass bottle of from 80 c.c. to 100 c.c. 
capacity, ro c.c. of nitric acid, sp. gr. 1.32 (made by diluting pure nitric 
acid with half its bulk of water). Add a few drops of a dilute solution 
of potassium permanganate, sufficient to give to the acid a full and 
permanent pink colour. Pour into the bottle 50 c.c. of the sample of 
pentane, and shake strongly from time to time during 5 minutes. 
If no hydrocarbons other than paraffins are present, the pink colour, 
though somewhat paler, will still be distinct. If there is an admixture 
of as much as 0.5% of amylene or benzene, the colour will have 
disappeared. 

Because of the growing use of petroleum spirit of different den- 
sities for automobile use and extraction purposes, it is more necessary 
than ever before to examine gasolines and naphthas by distillation, 
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A dephlegmator is generally used to more effectually separate the 
constituents. 

In England and America the dephlegmators designed by Young 
and Tervet are much used, while in Germany the Glinsky-Le Bel 
form is perhaps most used. From 250 c.c. to 1 litre is used in the dis- 
tillation and with benzin fractions are taken up to 50° from 50 to 
100, 100 to 120, 120 to 150, 150 upwards. 

With lighter cuts, such as would be termed gasoline and with crude 
first-run naphtha different fractions might be taken. With the use of 
a dephlegmator one distillation is sufficient. 

The term ligroin is sometimes used to indicate a petroleum product 
boiling between 70° and 120°, and having a sp. gr. between 0.685 
and 0.690. All the products from Russian petroleum are of greater 
sp. gr. than the parallel products from the American oil. 

A rule of the New York Product Exchange defines petroleum 
naphtha as ‘‘water-white and sweet, and from 68° to 73° Baumé”’ 
(=0.707 to 0.690 sp. gr.). 

The employment of the terms ‘‘benzolin,” benzine,” and ‘‘benzin”’ 
to denote the more volatile fractions obtained on distilling petroleum or 
shale oil has caused great confusion between the products so called 
and benzene, C6H¢, the leading constituent of coal-tar naphtha. 
This confusion has been increased by the intentional substitution, 
partial or complete, of one product for the other. Methods for dis- 
tinguishing petroleum spirit from coal-tar naphtha and for analysing 
mixtures of the two are described later. 

Petroleum spirit (which would be preferably called “‘light petro- 
leum”’) consists of a mixture of homologous hydrocarbons of the paraffin 
series, with smaller quantities of olefines, etc., and traces of cyclic 
hydrocarbons. The relative proportions of the several constituents 
vary according to the b. p. and density of the sample, pentane and 
hexane being the chief constituents of the lighter and more volatile 
fractions, such as gasolene, while heptane is the leading constituent of 
the denser kinds, such as commercial benzolin, in which octane and 
even higher homologues are also present. Petroleum spirit is a thin, 
colourless liquid, having, when refined, a peculiar but not unpleasant 
odour. It gives off inflammable vapour at ordinary temperatures, and 
rapidly evaporates. It is said to absorb oxygen from the air. It is 
insoluble in water, but dissolves in about six parts of rectified spirit. 
It has considerable solvent properties. The lighter forms especially 
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dissolve caoutchouc, asphalt, and, with less facility, colophony, mastic, 
and dammar resin. The heavier form (sp. gr. 0.745) is said not to 
dissolve resins. Petroleum spirit dissolves, in all proportions, the 
fixed oils of almond, olive, rape, linseed, croton, cod-liver, palm, 
coconut, theobroma, and lard. It does not dissolve castor oil, but 
the latter liquid dissolves its own volume of petroleum spirit (Vol. 
2, page 163). Petroleum spirit also dissolves naphthalene, paraffin, 
wax, and many similar bodies, and is miscible in all proportions with 
amyl alcohol, ether, chloroform, benzene, oil of turpentine, creosote, 
and cresols, but not with phenol. 

Petroleum spirit of 0.716 sp. gr. at 15° has a heat of combustion 
of 11,157 calories per Kg., or 20,083 British thermal units per pound 
avoirdupois. 

Purified Petroleum Benzin (Benzinum Purificatum of the 
United States Pharmacopceia).—Add 60 c.c. of sulphuric acid to 
550 c.c. of water, and when the mixture has become cold, pour it 
into a bottle having the capacity of about 2 litres. Add 8 grm. of 
potassium permanganate and agitate until it is dissolved, then add 
the petroleum benzin, in 4 portions of 250 c. c. each, shaking the 
liquid after each addition. Allow the liquids to remain in contact 
for 24 hours, shaking the bottle at frequent intervals; then decant 
the petroleum benzin into another bottle of the same capacity, and 
having dissolved 2 grm. of potassium permanganate in 240 c.c. of 
water, in which 2 grm. of sodium hydroxide has previously been dis- 
solved, mix the liquids and agitate the mixture frequently during 
several hours, then decant, repeat the washing with water, and again 
decant the purified petroleum benzin. 

On evaporating 10 c.c. of purified petroleum benzin from a piece 
of clean filter-paper, no greasy stain should remain, and the odour 
should not be disagreeable or notably sulphuretted; no residue should 
be left upon evapourating purified petroleum benzin from a warmed 
dish (absence of heavy hydrocarbons). 

When it is boiled for a few minutes with 0,25 its volume of spirits of 
ammonia and a few drops of silver nitrate T. S., the liquid should not 
turn brown (absence of pyrogenous products and sulphur compounds). 

Purified petroleum benzin should have an ethereal or faint petroleum- 
like odour, and should respond to the tests given under Benzinum. 

The tests of the U. S. P. for Benzinum are: Sp. gr., 0.638 to 0.660 
at 25°; soluble in 6 pts. of alcohol; b. p., 450° to 60°. If 5 drops of 
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petroleum benzin be added to a. mixture of 40 drops of sulphuric acid 
and 1o drops of nitric acid, in a test-tube, the liquid warmed for 
about ten minutes, and then set aside for half an hour, or diluting it 
in a shallow dish with water, it should not evolve the bitter almond 
like odom of nitrobenzene (difference from, and absence of, benzene). 

The ‘“‘petroleum benzin” of the German Pharmacopceia is the 
colourless, non-fluorescent portions of petroleum, having a sp. gr. 
of 0.640 to 0.670, and distilling almost entirely between 55° and 75°. 
On adding 2 c.c. of this liquid to a cold mixture of 1 c.c. of sulphuric 
acid and 4 c.c. of fuming nitric acid and shaking, no appreciable colour 
and no odour of bitter almonds should be produced. 

The British Pharmacopceia (1898) defines ‘petroleum spirit” to 
be a derivative of petroleum, boiling between 50° and 60°, and with a 
sp. gr. between 0.670 to 0.700. 

Petroleum spirit is liable to contain impurities, which unfit it for 
certain uses. If of good quality, it will leave no odour when evaporated 
on the hand, and when evaporated in a porcelain basin heated over 
boiling water, will leave no oily residue of heavy hydrocarbons. Boiled 
for a few minutes with alcohol and a few drops of ammonia, a brown 
colouration produced on subsequently adding silver nitrate solution in- 
dicates sulphur compounds, which render the sample unfit for use as a 
turpentine substitute, as it will be liable to discolour white paints. 
When petroleum spirit is agitated with warm water, the water after 
separation should be perfectly neutral in reaction, and should give no 
cloud with barium chloride (absence of sulphuric acid and sulphonates). 

The sp. gr. is best determined by means of a hydrometer at 15° or 
if at another temperature, allowance is made according to the following 
table: 


Sp. gr. Correction for each degree 
(@)e7islel 1) OLY Eb g sooo oous Ole doo Doe aomerae 0.000820 
OTP KONO CC) o5.5 ico ooo ae DESO OeIaD or 0.000818 
Da 1 Osy CCE sins obo aoccaan ooee Moe STO 0.000800 
@)sG{CeNiKOMOnilehig Hic 00 ao bos Sea O OED ©.000790 
ORF SOnLO ORO OO sateeeinir oelbieig sreieleie steye © me sere 0.000780 


Water cannot exist in notable quantity in petroleum spirit with- 
out rendering the liquid milky. If present to an extent sufficient to be 
thus visible, the liquid is rendered unfit for burning in sponge lamps, 
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etc. The water may be removed by prolonged subsidence, or more 
rapidly and perfectly by agitating the sample with a little dry plaster 
of Paris. 


Petroleum spirit Shale naphtha Coal-tar naphtha 


Chemical compo-| Contains at least 75} Contains at least 4o} Consists almost 


sition. % of paraffins, to 50% of ole- wholly of ben- 
principally hep-| fines, principally} zenes. A small 
tane, the remain-| heptene; the re-| percentage of 
der apparently) mainder par-| open-chainhy- 
olefines, with affins. No trace drocarbonsin 
tracesofaromatic| of aromatic hy-| some samples. 
hydrocarbons drocarbons. 
5 SIDS (eam Ele Baebes bare 0.700 0.718 0.876 
Chiefly. distils be- 
tween ten. 65° and 100°. 65° and 100°. 80° and 120°, 
Solvent action on| Very slight action;) Behaves similarly| Readily dissolves 
coal-tar pitch. liquid but slightly) to petroleum pitch, forming a 
coloured even af-| spirit. deep brown solu- 
ter prolonged tion. 
contact. 


Behaviouronshak-| No apparent solu-| The liquids form a} The liquids form a 
ing 3 volumes} _ tion; the liquids) homogeneous; homogeneous 


of the sample at are not miscible, mixture, often) mixture. 
20° with t meas-| but set toa mass; setting to a mass 
ure of fused} of crystals when} of crystals at 18° 
crystals of abso-| cooled slightly; to 20°. 
lute phenol, below o°. 
Reaction with bro-| Combines with 10} Combines with up-| Reacts slowly with 
mine in the cold. to 20% of its) ward of 60% of| a — considerable 
weight of bro-| its weight of bro-|- proportion of 


mine. | mine, bromine. 


Benzin for Degreasing.—For this purpose it is desirable to choose 
one that does not contain a large percentage of very low boiling or a 
large amount of high boiling constituents. In the first case too much 
is lost by evapouration and in the second too much heating is required 
to expel all of the solvent from the fat, and the fat is also injured thereby. 
Most of the benzin should distil between 80° and 110°, 95° 
being considered the ideal mean. 

Analyses of these oils consists in making distillation records with 
100 c.c. of benzol in a suitable dephlegmator and noting the amount 
of distillate between each 10° intervals of temperature, starting at 
7o° andrunning to 110°. The rate of distillation is about 1 drop 
per second. 


Shale naphtha, which is the lighter and more volatile portion of 
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the oil obtained by the distillation of bituminous shale, is a product 
very similar to petroleum spirit in most of its properties and uses. 
Allen found, however, that the shale naphtha presents certain dif- 
ferences, which are due to a much larger proportion of olefines than 
exist in petroleum naphtha. The table on page 116 exhibits concisely 
these differences, and compares the characters of a sample of coal-tar 
naphtha with specimens of similar products from shale and Ameri- 
can petroleum. Variation in minor details will be met with in dif- 
ferent samples from similar sources. (See Crude Shale Oil, page 16.) 


MINERAL BURNING OIL. 
Kerosene. Coal Oil. 


Under these names, and others more fanciful and less appropriate, 
are classed the fractions of petroleum and shale oil which are suited 
for burning with a wick. The petroleum product is often broadly 
described as ‘‘refined petroleum,” and that from shale oil as ‘paraffin 
oil,” but the latter name is often popularly applied to heavier oil from 
petroleum. The name “kerosene” is a contraction of keroselain, 
or ‘‘wax oil,” and was originally a trademark adopted for a certain 
patented fraction of coal oil. The term has now been adopted as the 
most convenient to apply to mineral burning oils generally. 

Kerosene is a colourless or yellowish oily liquid, often possessing a 
well-marked blue fluorescence. It has a characteristic taste and 
smell which it imparts to water, though practically insoluble in that 
liquid. It is only moderately soluble in alcohol, but is miscible in all 
proportions with ether, chloroform, benzene, petroleum spirit, volatile 
oil, and fixed oils, with the exception of castor oil. It dissolves phos- 
phorus, sulphur, iodine, camphor, many resins, waxes, fats, and 
softens india-rubber. 

The commercial varieties of mineral burning oil are very numerous, 
and hence the physical characters are not very constant. 

The sp. gr. of ordinary American kerosene is about 0.790 to 0.800, 
the parallel product from shale oil being 0.800, and from Russian 
(Baku) petroleum 0.822. Burning oils of higher densities are also 
largely manufactured, and are well adapted for special purposes. 

The following are the characters and special applications of certain 
other varieties of mineral burning oils: 
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Colzarine Oil.—Sp. gr. about 0.838; fire-test 121° (250° F.). Quite 
odourless, pale amber; specially intended for burning in ‘‘moderator” 
and ‘‘carcel lamps.” 

Cazeline Oil.—Sp. gr. 0. 805; fire-test 62.2° (144° F.). Limpid, 
with scarcely a trace of colour, and very light odour. 

Mineral Sperm Oil.—Sp. gr. 0.829 to 0.847. Abel flash-point 
I15.5° (240° F.); fire-test about 148.8° (300° F.). Specially adapted 
for lighthouse and locomotive lights. Its use is compulsory on some 
of the American railroads, and it is also extensively employed on board 
ship. ‘Mineral colza oil” and ‘mineral seal oil” are similar products. 

Belmontine Oil.—Obtained by distillation of Rangoon tar or 
Burmese petroleum with superheated steam. Sp. gr. 0.847; fire- 
test 56.6° (134° F.). Though heavy, the oil has but little viscosity, 
and will rise through a long wick. The flame is very white, and of 
high illuminating power. 

Pyronaphtha is a product from Russian petroleum somewhat 
similar to mineral sperm oil. It has a density of 0.858 to 0.869, a 
fire-test of 294° (265° F.), and a flash-point by the Abel test of 96. 1° 
(205° F.) to r21.1° (250° F.). - (See also page 46.) 

Solar oil is a name commonly applied in Russia to an intermediate 
oil of about 0.860 sp. gr., and flashing at about 104.4° (220° F.) 
by the Abel test. 

Various fanciful names have been given to petroleum and _ shale 
products employed for illuminating purposes. It is often pretended 
that some process has been used to remove dangerously inflammable 
constituents. All such products come under the legal definition of 
“petroleum” (see pages 126 and 127), and the “‘flashing-point” is a 
satisfactory test of their nature. 

The photogene oil from shale resembles refined petroleum in all 
essential physical respects; but, when examined by the bromine 
process, the shale product is found to contain a smaller percentage 
of paraffins and more olefines than is the case with petroleum. Some 
samples of shale photogene contain only 5 or 6% of paraffins. The 
author has frequently found that when 3 measures of petroleum 
kerosene were shaken with one of fused crystals of absolute phenol, 
the latter gradually assumed a dark violet, and ultimately a black, 
colour, but the reaction is not invariably produced; and no such reac- 
tion was observed to occur with burning oil from shale. The mixture 
of petroleum kerosene and phenol becomes turbid at 42° to 49°, but 
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the shale oil mixture remains clear till the temperature has fallen to 
about 25°. 

Assay of Mineral Burning Oil or Kerosene.—Good kerosene 
should be water-white or light yellow, with or without blue fluorescence. 
A decided yellow indicates imperfect purification. If kept in clear 
glass bottles, exposed to light, it often acquires a yellow colour, becomes 
ozonised, and bleaches the cork. Kerosene so changed will not burn 
well. The odour should be faint and not disagreeable. When agi- 
tated with an equal volume of sulphuric acid of 1.53 sp. gr., the colour 
ought to become lighter rather than darker. ‘The sp. gr. is rarely less 
than 0.795, except in certain water-white oils, or ordinarily above 
0.810 in the case of American, or 0.823 in the case of Russian oil, 
but kerosene from different sources, and intended for different special 
purposes (see page 118), varies considerably in this respect, and 
hence the indication afforded by the density must not be interpreted 
too strictly. The absence of an objectionable proportion of very 
volatile constituents or ‘“‘naphtha,” as indicated by the flashing point, 
and the absence of a large proportion of ‘‘tailings” or heavy oil, as in- 
dicated by fractional distillation, are the most important characters in 
judging of the quality of a sample of kerosene. The rules of the New 
York Produce Exchange provide that refined petroleum or kerosene 
for contract purposes shall be standard white or better, with a burning 
test of 43.3° (110° F.) (equivalent to 70° Abel test) or upward, and 
sp. gr. not below 44° Baumé (sp. gr. 0.804). 

The committee appointed by the Baku Section of the Russian 
Technical Society to examine the new petroleum testing regulations 
formulated by the government, have reported that sulphuric acid 
of the prescribed density (1.53) is unsuitable for testing petroleum, 
the colour of the acid extract being irregular and not sufficiently 
decisive in gradation. On the other hand, sulphuric acid of 1.73 sp. 
gr. being found to give concordant results with all grades of petroleum 
and at all temperatures between 16° and 32°, it is recommended that 
this strength of acid should be used in the proportion of 40 parts by 
volume to 100 of oil, the mixture being shaken up in a stoppered glass 
vessel for 2 minutes, and the acid layer removed and compared with 
normal solutions of Bismarck brown. The standard solutions are 10 
in number, and are graduated so that the highest (No. 1) contains 
0.0005% of colouring matter, and the darkest (No. 10) 0.005%, the 
intermediate shades differing from one another by 0.0005%. The 
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degree to which the oil has been refined is expressed by the number of 
the solution corresponding to the colour of the acid extract, and the 
maximum effect in the case of ordinary petroleum distillate is found 
to be produced by the use of 0.75% of sulphuric acid (sp. gr. 1.843). 
Since few commercial petroleums examined fell below the limits 1 to 8, 
the latter shade is recommended as the outside limit for merchantable 
petroleum (J. Soc. Chem. Ind., 1896, 678). ) 

Flashing -point.—Cold kerosene oil of good quality will not take 
fire when a light is applied, nor will the supernatant vapour inflame. 
The temperature at which a sample of petroleum oil commences to 
give off sensible quantities of inflammable vapour is technically called 
its ‘‘flashing-point.”’ Clearly the lower the temperature at which an 
oil ‘‘ flashes,” the more dangerous it must bein transportation, storage, 
and use. The ‘‘flash-point,” or temperature of ignition of the vapour, 
is greatly reduced by a small admixture of naphtha. Dr. B. W. White 
found that when a kerosene oil having a flashing-point of 113° F. 
(=45°C) by the open test was mixed with 1% of naphtha, it flashed at 
39.4° (103° F.) with 2% at 33.3° (92° F.), with 5 at 28.3° (83°F-.), with 
ro at 59°, and with 20 at 4o° F. On addition of 20% of naphtha, the 
oil itself burned ata temperature of 10°(50°F.). The “burning-point,”’ 
“‘fire-test”’—i. e., temperature at which the oil permanently inflames— 
is frequently taken as a test of quality, but is not reliable, since oils, 
when spilled, will ignite instantly on approach of a flame, when heated 
only a degree or 2 above their flashing-point, even although the 
burning-point is considerably higher. An oil flashing at 22.7° (73° F.) 
by the Abel close test, or at 37.7° (100° F.) by the old open test, will 
generally show about 48.8° (120° F.) by the American “‘fire-test,’’ or 
determination of the temperature of permanent ignition. Experiment 
shows that an oil flashing at 86° by the open test, and burning at 41.6° 
(107° F.), can be made to flash at 37.7° by removing 6 or 7% by dis- 
tillation, though such treatment does not improve the oil in other 
respects. 

Boverton Redwood (Petroleum and its Products, Vol. 2) gives a 
series of experiments to determine the proportion of air and va- 
pours of light petroleums required to produce dangerous explosions. 
The apparatus consisted of a glass cylinder or churn, capable of being 
rotated at right angles to its longitudinal axis, an arrangement for dis- 
placing a known volume of the gaseous contents of the churn by ad- 
mission of the required volume of the liquid under examination, and 
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an explosion chamber. In performing the test, a quantity of the liquid 
was poured into the churn, which was rotated for a time. After re- 
lieving the pressure by permitting a portion of the gaseous contents of 
the churn to pass into the displacing arrangement, a known volume of 
the mixture, called air-gas, was driven into the explosion chamber; 
the contents of this were mixed and a flame applied to a vent. 

Petroleum spirit, sp. gr. 0.639, produced a violently explosive mixture 
when 4% of air-gas was introduced into the explosion chamber. 
- With a spirit of 0.680 sp. gr., the explosion was violent when the 
percentage of air-gas reached 7.5. With a spirit of 0.700 sp. gr., a 
violent explosion was produced by a mixture containing 5% of the 
air-gas. With the vapour obtained from crude American petroleum, 
over 20% of the air-gas was required for violent explosion. 

According to the Petroleum Act of 1871, ‘‘the term ‘petroleum’ 
includes any rock oil, Rangoon oil, Burmah oil, oil made from petro- 
leum, coal, schist, shale, peat, or other bituminous substance, and any 
products of petroleum or any of the above-mentioned oils; and the 
term ‘petroleum to which this Act applies’ means such of the petroleum 
so defined as, when tested in manner set forth in Schedule I. to this 
Act, gives off an inflammable vapour at a temperature of less than 100° 
of Fahrenheit’s thermometer.” Petroleum, within the meaning of 
the Act, is only allowed to be kept and sold under certain restrictions, 
which vary to a certain extent according to a discretionary power 
exercised by the local authorities, any breach of the provisions of the 
Act being punishable by heavy fines. 

The Act prescribed a test, known as the open test, by which the 
flash-point was to be determined. The close test was made com- 
pulsory and the open test was abolished by the Act of 1879, but the 
restrictive legislation prescribed by the Act of 1871 with regard to 
petroleum with a flash-point under 37.7° (100° F.) was applied to 
petroleum with a flash-point under 22.7° (73° F.). All petroleum 
with a flash-point above 73° F. was thus, contrary to the 1871 Act, 
freed from legislative restrictions. The purpose of a bill now (1899) 
pending in Parliament is to substitute the accurate or close test for 
the inaccurate or open test in the Act of 1871, and to restore the 100° 
flash-point prescribed by that Act. 

The open test for determining the flashing- and firing-point was 
originally performed by heating the oil in a hemispherical porcelain 
filled to within about half an inch of the brim, the bulb of a thermom- 
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eter being immersed in the liquid. A lighted taper was passed at 
intervals across the oil on a level with the brim of the dish and the 
degree noted at which a flash was produced. The fire-test was de- 
termined in a similar manner. The method was quite inaccurate, 
and not materially improved by the use of Tagliabue’s open tester, 
which has been adopted as the legal instrument in many localities. 
This consists of a small, rather deep glass cup resting in a water-bath, 
supported by a metal case and heated by a lamp below; a thermometer 
is immersed in the oil which nearly fills the cup, and the testing is 
performed as with the older method. The quantity of oil is too small 
and the open vessel causes loss of vapour. To obviate this, various 
closed testers have been constructed and stirrers have been added so as 
to secure the rapid mingling of the oil and consequent thorough heating. 
One of the most elaborate of these forms is the Pensky-Martens’ 
tester. The forms about to be described in some detail are regarded 
as satisfactory by many experts and have been extensively employed. 

Abel’s Closed Oil Tester.—The apparatus devised by Sir Frederick 
Abel is shown in Fig. 2, and the following description, abridged 
from Schedule I. of the Petroleum Amendment Act, 1879, sufficiently 
indicates the method of using it. 

The test apparatus is to be placed for use in a position where it is 
not exposed to currents of air or draughts. 

The heating apparatus is filled by pouring water into the funnel 
until it begins to flow out at the spout of the vessel. The temperature 
of the water at the commencement of the test is to be 54.4° (130° F.) 
(neither more nor less). 

The test-lamp is prepared for use by fitting it with a piece of flat- 
plaited candle-wick, and filling it with colza or rape oil up to the lower 
edge of the opening of the spout or wick tube. The lamp is trimmed 
so that when lighted it gives a flame of about 0.15 of an in. diameter; 
and this size of flame, which is represented by the projecting white 
head (F) on the cover of the oil-cup, is readily maintained by simple 
manipulation from time to time with a small wire trimmer. When 
gas is available, it may be advantageously used instead of the little 
oil lamp, and for this purpose a test-flame arrangement for use with 
gas may be substituted for the lamp. 

The water-bath (B) having been raised to the proper temperature 
54.4°, the oil to be tested is introduced into the petroleum cup (a) 
(2 in. high by 2.2 in. internal diameter, and made of gun-metal or 
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brass tinned inside). The oil must be poured in slowly until the level 
of the liquid just reaches the point of the gauge (c), which is fixed at 
exactly 1.5 in. from the bottom of the cup. (In pouring in the oil 
to be tested, great care should be taken not to splash it against the 
sides of the cup. In warm weather the temperature of the room in 
which the samples to be tested have been kept should be observed 
in the first instance, and if it exceeds 18.3°, the samples to be tested 
should be cooled down to about 15.5°.) The lid (D) of the cup, with 
the slide closed, is then put on, and the cup is placed in the bath or 
heating vessel. The thermometer (£) in the lid of the cup has been 
adjusted so as to have its bulb just immersed in the liquid, and its 
position, which is adjusted to 1.5 in. below the center of the lid, 
is not under any circumstances to be altered. When the cup has 
been placed in the proper position, the scale of the thermometer faces 
the operator. 

The test-lamp is then placed in position upon the lid of the cup, the 
lead-line or pendulum, which has been fixed in a convenient position 
in front of the operator, is set in motion, and the rise of the thermom- 
eter in the petroleum cup is watched. When the temperature has 
reached about 18.8°, the operation of testing is to be commenced, 
the test-flame being applied once for every rise of 1° F. (0.5° C.) 
in the following manner: The slide is slowly drawn open while a 
pendulum 24 in. in length performs 3 oscillations, and is closed 
during the fourth oscillation. (It is obvious that a metronome would 
be more convenient. Some method of marking time is necessary.) 
In moving the slide so as to uncover the holes, the oscillating lamp (c¢) 
is caught by a pin fixed in the slide and tilted so as to bring the end of 
the spout just below the surface of the lid. Upon the slide being 
pushed back so as to cover the holes, the lamp returns to its original 
position. ‘The temperature at which the vapour of the oil gives a blue 
flash in applying the test-flame is noted as the flashing point of the 
sample. To determine the flashing-point of burning oils of very low 
volatility, the air-chamber which surrounds the lamp is filled with 
cold water to a depth of 1.5 in., and the heating vessel or water-bath 
is filled as usual, but with cold water instead of water at 54.4°; the 
heating lamp under the apparatus, and kept there during the entire 
operation. If a very heavy oil is being tested, the operation may be 
begun with the water heated to 48.8°. 

The results of this method are satisfactory. The flashing of the 
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vapour occurs at a temperature much lower than was the case with the 
old apparatus for the open test. 

The flashing-point of a sample of kerosene, as determined by Abel’s 
apparatus, has been found to be sensibly lower in India and the tropics 
than when the same oil is tested in temperate climates. A sample 
which, under ordinary circumstances, flashed at 22.7°, had a flash- 
point of 18.8° when examined in a tropical region. The difference 
is due to the fact that at a high atmospheric temperature the more 
volatile hydrocarbons are less readily held in solution in the oil, and the 
least agitation, such as is involved in pouring the oil into the cup, 
determines their vapourisation. To obtain concordant results in hot 
countries Abel and Redwood recommend that the operator should 
commence to apply the test-flame at a much lower temperature 
(13.3) than that prescribed in the Act, which is when the oil in 
‘the cup has acquired a temperature of 18.8°. This modi- 
fication causes the removal of the superincumbent vapours in 
quantities too small to flash, by currents of air set up by each applica- 
tion of the gas flame. Even with this modification of the test, a 
sample which flashes at 22.7° in England will flash at about 21.1° 
in India. It is evident that the causes which lead to errors in India 
will have a tendency to affect the test in temperate countries, and to 
render the flash-point of the same oil lower in summer than in winter, 
but this tendency can be counteracted by bringing the sample to be 
tested to 13.3° before commencing the operation. Changes in 
barometric pressure also affect the flash-point of kerosene, a fall of 1 
in. of the mercury in the barometer lowering the flash-point of an oil 
by about r°. 

S. Gray (J. Soc. Chem. Ind.,, 1891, 348) has described a stirrer 
attachment to the Abel cup, by which it is claimed that the results are 
more correct, are independent of its manner and rate of heating. 
The apparatus consists of 2 sets of vanes—one in the oil and the 
other in the vapour-space—with beveled gearing, or arranged that it 
may be easily put in or out of gear and the lighting attachment brought 
into action. There are 3 orifices—one central for the test-light, 
the others for admission of air. The change from stirring to testing, 
and vice versa, can be made promptly. The Pensky modification is 
also the introduction of a stirrer. Martens has still farther improved 
the apparatus. . 

New York State Closed Oil-tester (Elliott Tester.)—As a result 
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of investigations, Elliott devised a form of tester which has been highly 
approved. It consists of a copper cup holding about 300 c.c. immersed 
in water, which can be heated by a small flame. The cup is covered 
by a convex clock-glass, which is perforated in the centre to permit 
the passage of a thermometer, and has a notch at the edge for insertion 
of the testing flame. The official directions are: Fill the water-bath 
with cold water up to the mark, place the oil-cup in it, and pour in 
enough oil to fill the cup up to the flange that joins the cup with the 
vapour-chamber above. The oil must not flow over the flange. Air- 
bubbles may be removed by means of dry paper» The glass cover is 
then put on, and the thermometer placed so that its bulb is just covered 
by the oil. A small flame must be used for heating, so that the rise in 
temperature should be about 2° per minute, never over 3°. For 
the igniting flame a gas jet 0.25 in. in length is employed. When 
gas is not at hand, a piece of waxed linen twine may be used. The 
flame should be small. Testing should begin when the oil reaches the 
temperature of 29.3° (85° F.). The torch is inserted through the 
testing notch at such an angle as to well avoid contact with the glass, 
and to a distance about midway between the surface of the oil and the 
under surface of the cover. Its movement must be steady, uniform, 
swift, and without pause, and should be repeated at every 1° C. or 2° F.; 
increase until the thermometer marks 35° (95° F.), when the heating 
flame should be shut off and the testing made at each 0.5° C. or 1° F. 
until 37.5° C. or 100° F. is reached. After this the heating flame may 
be again started, if necessary, and the testing continued for each 1° C. 
or 2° F, as at first. The appearance of a slight bluish flame indicates 
that the flashing-point has been reached. In every case the tempera- 
ture of the oil should be noted before the testing flame is introduced. 
This flame must not touch the oil. The water-bath must be refilled 
with cold water, and the oil cup well cleaned for each test. This 
tester is largely used in many laboratories and designated in many 
official ‘specifications, particularly in the States of Georgia, New 
Jersey, New York, and South Dakota. The Foster automatic tester 
is used in several States of the United States and deserves mention. 
The instrument consists in a copper stand with water-bath and oil 
cup, which latter is covered; the thermometer and flashing taper 
arranged at the foci of an ellipse, which is the shape of the cup. When 
flashes are made air passes down a space surrounding the thermom- 
eter, and probably because of this ventillation this tester gives results 
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according to Redwood from 14 to 20° F. higher than those obtained by 
using the abel instrument. The use of this tester is prescribed by 
law in Kansas, Michigan, Nebraska, North Dakota, Ohio, and 
Washington, U.S. A. Engler’s tester, which is used in Germany, 
employs an electric spark from a small induction coil to fire the pe- 
troleum vapour in a chamber which has 2 metal shutters, which are 
lifted by an explosion as soon as the atmosphere through which the 
spark is passing becomes sufficiently charged with vapour. 

The following allowances in flash and fire tests are made for varia- 
tions in the barometric pressure in excess of, or less than, 7.60 mm. 


765 mm. add o. 2° 755 mm. deduct o.2° 
4770 mm. add o.4° 750 mm. deduct 0.3° 
775 mm. add o.5° 745 mm. deduct 0.5° 
780 mm. add o.7° 740 mm. deduct 0.7° 
785 mm. add 0.9° 735 mm. deduct 0.9° 
790 mm. add 1.0° 730 mm, deduct 1.0° 
FLASH AND FIRE TESTS REQUIRED IN DIFFERENT COUNTRIES 
AND INSTRUMENTS PRESCRIBED. 


Country Instrument Flash Fire barca 

Great Britain ....:.. A Delle oysters nicteneroreraterert YR ME She Wie iawioro aac 1879 
GAnadatereyse = f-c5)| Abel... aati a sees ban el ecres 2 hlet 1899 
irancemens ste se e+ Granier ces oats «(petra dere Meee iit 1873 

BIR IN Mow lV es anecdanes oe BIO yy Mi toate vere 1872 
Germany, j Berlin....| Abel-Pensky......... 2107 ea eer 1883 

Hamburg | Abel-Pensky......... 21°") Sli famokeines 1882 
iid iaemereevere et citer) «4 Del-benskyn.. 2... ee [Porites None sé cece 1899 
japanknen wie. | (Closed. test). ..ct xen BOC.FS oneeecmen 1882 
IRMSSIa@tas eecicse-\ 4; Abel-Pensky.. 0.2.3 vie loaksisoah 1891 
Shineeleial, aiiice 6 okie IDE) ae wreath ess 25° (7r 6° F.) 1885 


In Germany and in Russia the Abel-Pensky apparatus is prescribed. 
When the oil flashes below 60°, the oil cup is.to be inserted direct into 
the water-bath, the temperature of the latter being about as high 
again as the expected flashing-point, so that when this is beyond 50°, 
the water must be boiling. For oils flashing between 60° and 85° 
the space between the oil cup and the water-bath must be filled with a 
heavy mineral oil (sp. gr. over 0.900), and the water maintained at 
about 15° above the flashing-point anticipated. A preliminary test 
having been made, the test-flame is first applied and the temperature is 
5° below the flashing-point thereby ascertained. Only when the oil 
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flashes between 27° and 29° is a correction for atmospheric pressure to 


be made. 


For all heavy burning and lubricating oils and residuum 


flashing above 85°, the Pensky-Martens instrument is necessary. 
The tests required in the different states of the United States, where 
the regulations are enforced, are as follows: 


States Instrument tee ps 
PEAT SA Stee eiesencts s+ bss Tiagliabue cup yeseecmal career ert 130° 
California (San Francisco).| Tagliabue cup......... 100° | Rite bist Cranes 
Colorado (Denver)........ Maglabuercup eens ei EL Oo) ie eeiniaers an eears 
Gonnecticut wire. 2.0 asc: ‘Tag liabuetcupte eee ee eee eee 110° 
Delawarcwemeereeerer eer | Cagliabue cups: maaclee seen ae rife 
(EC COrpl ammeter st ths syo\s) Pulliottene (so aacieaie eae TOSS gall Ghee oer 
da noma rontrmnnn.-13-10)-|\. L agliabue CUpls<.cre aitu| << es ove Sento 120° 
UNMOISMeere eu cis os ss agliabue cup ssc secre ere 150° 
incvana fectia-n cts ayate ee .sb<s Tagliabue cup... 120° Ween 680.0 
LICK Gh oo 6.0.0.6 on OO Oe Le UblelE Rn oructe Be & oreo a 105° WeadordGabsoc 
ISGNSAS eras Gee ai eive ls «5 Foster tes oe toe TLC?) | Norerenobarseieieers 
IReRntUCK V7: pic: ekaein oie ovine (Rapliabuet sera peai bck: lesa cee | 130° 
ILGURS HIN Se db ez OOOO ‘Ragliahucesee frase 125° peste 66 
IVEGITIC eae ete te ee sels Ta glia bute jawn van x egel tects aera 120° 
IMarylancla (Bal titmone) erin) cts esere'e. cters scare ooh aly ae sonsleveciy one are eee T20° 
Massachusetts............ Tagliabue open cup TOO?) Selb. errata 
Miuchiodnmempere nettticct. - |) HOSEL. +4 vate sls ce at os 120° iene ovens eae es 
Minnesotaee ems aac’. | VLinnesota cupsa.05 .<10-|/ 14. ones sae 120° 
ING DraS KOs ners gpa eieenicisi<.° HOStetaasa Fs sigs si 18 © el Rec Ge ee Sc 
INew Hampshires)........- sagliabue cupac-seeer || £LO uOrel 20s ele ere 
ING? III OVea gate n das aGee BAN OLCUp ree retishreer TOO. sal Pacer teeta 
News MexicOvee sce: 3.66: dlagliabue cups. rleaen eee | 120° 
ING Werle naetiss eels sree 80. Botts. nee ose oes I00° IP queria ss 
North Dakotaienn..-c6 >: « Hostersns sees eos 100° |. sears etter eieecgs 
(Olt ola ers GU ob oa eerie OSCE Dt pe ne arenes 50s a ee cio 
OLsiomarneereeerr | baghabue Cup... « T20%~ Pike Sean eee 
Ole POT RR estes ri diell ti tale argue ols oe vee lea | wehwme aye Wana 120° 
iPentisyl Vania ean. ets 2s, Pagliabue open cup. .-i\eij- es ee TTOE 
Rhodepsland. =. . <2. sa6- ihagliabue cups... see+c TIO. A lstnc aces 
SOUL MD AKAs en te ae <ip LULOtt CUD. te sere icteree TOS Onn wileiins secure 
PRennesseereeneite ae | LAP ADUE 5... <vra)e aie orem LeO ene erees 
(Witenes oeaderre. asics Tagliabue cup......... DIOl | Wit eevee 
Wermo nt tse rey) c flagliaibuelcup ss. er ad eerie r10° 
Virginia (Richmond)....... pRagliabue Cup rce aut omen eeie I10° 
Washing ptoierttstae's 2 lene = Hestericup. cn.) same T20° > WHEE ots ot evetele 
WVASCORSIN coerce sis mails eye) 1 TREY Doi eron nine Goutal |sescec aon soe 120° 
WVAV ORG terri central om: ARETE heer Acero dullpeto ured ome 120° 
INVER isles Oriani Sead e GeO Magliabue Cupra. ciaisety eels sees 150° 
IVE Oman dieamete cela ciereeveit si Tagliabue cup (?)..... TLO2) ~ eeepc sates 


Fractional distillation is carried out the same for kerosene as for 
crude oil (page 48).—Mineral burning oils should not give a high 
percentage below 150°, and, on the other hand, should not have a 
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large proportion of ‘‘tailings” or heavy oil, distilling above 300°. By 
judicious manipulation of a mixture of naphtha and heavy oil, kerosene 
may be sophisticated without altering the sp. gr. and without reducing 
the flash-point so as to excite suspicion. Such an oil will not be satis- 
factory, as the more volatile portions will be consumed first, the heavy 
viscous portions remaining to clog the wick. 

J. Biel recommends that the fractional distillation of mineral burn- 
ing oils should be conducted on 250 grm. of the sample, in a glass flask 
of 500 c.c. capacity. This is wrapped round tightly with thin brass 
gauze or glass wool, to protect .it from too rapid changes of tem- 
perature and is connected by a Glynsky’s dephlegmator (Vol. 1, 
page 21) with a Liebig’s condenser. The thermometer is fixed in the 
dephlegmator so that the bulb may be on a level with the exit-tube. 
At the commencement, the flame under the flask should not be larger 
than is requisite to drive over the light oils, which are collected as long 
as any notable quantity (more than 10 drops per minute) of oil dis- 
tils at 150°. The flame is then enlarged, and the “‘normal petroleum” 
distilling between 150° and 270° is next driven over, the receiver being 
changed when no appreciable quantity distils when the thermometer is 
maintained at the latter temperature. Biel weighs the distillates, and 
ascertains the amount of the residue or ‘‘tailings’” by noting the 
difference between the weight of the flask and dephlegmator on the 
completion of the distillation and again after cleaning. It is evident 
that the method of measurement commonly employed in practical ex- 
aminations of volatile oil is equally available. 

The following results obtained by Biel by the foregoing process 
are interesting as showing the behaviour of typical samples of Russian 
oils: 


Kerosene | Pyronaphtha 
A B c D E 

DPE Sa Foe sini as seo hain en on wn 0.820 | 0.820] 0.835 0.857 | 0.867 
DIAS EOIN Cee cs Raat «a B25 35.0 44.5 5 0420 

‘ ae Percentage | 

Light oils (below 150°).......... 0.8 10.0 6.0 ©.0 0.0 
Normal oils (150° to 270°)....... 92.0 76.5 63.5 44.5 80n5 
Heavy oils (tailings)............ ire A as 30.5 Sys 69.5 
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Beilstein states that the rule for Russian petroleum is that an oil to 
be considered safe should yield less than 5% of ‘light oils,” and less 
than 15% of “heavy oils.” With American petroleum, the “heavy 
oils” should not exceed 15%. (See also description of Regnault’s 
apparatus, under “‘Benzin.’’) 

As already stated, Russian kerosene is usually of distinctly higher 
density than that from American petroleum. Russian petroleum 
gives much the smaller yield of burning oil, but the product is more 
neatly homogeneous, the hydrocarbons composing it not differing 
widely in sp. gr., b. p., and other characteristics. This peculiarity is 
well shown by the following figures obtained by B. Redwood by frac- 
tionally distilling samples of kerosene made from Baku and American 
petroleum. A measured quantity of the liquid was distilled, and the 
density of each fraction of 10% was observed: 


Reraeene Russian kerosene, American kerosene, 
sp. gr. 0.822 sp. gr. 0.803 
Birst frActiOMnwdaera< ores l 2040 ore 0.783 | 0.748 
SEGOMG PraACtlOM qaerya jin is, es been 0.796 0.759 
Pbhindsiractoninacvndtete = (sti. use 0.803 0.778 
MOUntsraction sewn . eels s 7s. | 0.814 0.792 
itt hetrachOnme te Lemay eis le t02- | 0.827 0.802 
SIXtMeIrACOUee semanas vate rerr a) 0.831 0.812 
Sevyenthuractionaapecee. cit sets 0.837 | 0.822 
PLB SrAChON sry ists sti. ees rarsssr. » = 0.838 0.831 
Ninth fractiona.cs\-n... 5-20 es 5 | 0.846 0.838 
Tenth fraction (residue).......... 0.864 0.849 


In Russian kerosene there is less difference between the sp. gr. of the 
lightest and heaviest fractions than in American oil. 

The sp. gr. is almost universally determined by means of hydrom- 
eters and the readings made in either degrees Baumé or sp. gr. 
The sp. gr. bottle and the Westphal balance are also used. (See 
appendix for Conversion Table of sp. gr. to degrees Baumé.) ; 

D. Mendelejeff has determined the corrections to be applied for the 
differences of temperature above or below the standard temperatures 
of 60° F. (in America and Great Britain) and 15° C. (on the Continent). 


1 Zeit. Anal. Chem., 1883, 14. 
Vor. III.—9 
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Sp. gr. Correction for each degree, C. 
0.760 to 0.780 © .000790 
0.780 to 0.800 0.000780 
0.800 to 0.810 ©.000770 
0.810 to 0.820 0.000760 
0.820 to 0.830 ©.000750 
0.830 to 0.840 ©.000740 
0.840 to 0.850 ©.000720 
0.850 to 0.860 0.000710 


Before using a hydrometer it is well to compare it at several points on 
the scale with a sp. gr. bottle of known capacity. 

The Westphal balance is sometimes used for the determination of 
the sp. gr. 

A test of kerosenes by burning them in similar lamps and noting 
the rates of consumption and the comparative intensities of the light 
yielded, is often capable of giving valuable information. Much de- 
pends on the character of the wick used, all oils burning far more 
satisfactorily and safely with an American wick of long staple cotton 
loosely woven, than with the comparatively hard, tightly-woven wick 
often employed in Great Britain. Kerosenes containing a large pro- 
portion of light oils give a better light, but burn faster than others, 
while the presence of heavy oils retards the consumption and seriously 
diminishes the light yielded. Care must be taken not to form too 
hasty an opinion on the oils tested, as a kerosene containing excess of 
both light and heavy oils, or in technical phrase consisting largely of 
“‘mixed tops and bottoms,” may give a good light at first, but after some 
time the flame will greatly diminish in size and luminosity, and in 
extreme cases the wick becomes so clogged and charred as to cause 
extinction. Russian kerosene does not give so much light as American, 
but, on the other hand, there is considerably less diminution as the 
level of the oil falls in the reservoir. 

Odour.—This is a matter that depends upon the experience of the 

analyst. Odours indicative of imperfect refining, etc., would class the 
oil unmerchantable. 
_ The colour of kerosene is determined by means of specially con- 
structed forms of apparatus for accurately gauging the colour. Two 
forms may be mentioned here which are used both in England and 
Germany, the Wilson chromometer and the Stammer chromometer. 
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The Wilson tester compares a column of oil 16 in. long with acolour 
reflected from a glass disc. The discs indicate 4 commercial grades: 
1. Water-white; 2. Superfine white; 3. Prime white; 4. Standard 
white. This tester does not define the colour sufficiently for particular 
work, and on that account the tester about to be described is to be 
preferred. 

The Stammer Chromometer.—To meet this want, the Stammer 
chromometer was introduced, in which the length of the oil column 
can be varied, so that by starting with a standard of paler tint of the 
sample, the column of oil may be shortened until the two match, and the 
colour of the oil may thus be found in terms of the standard, 40 on the 
scale of Stammer’s chromometer being equal to standard white, 50 to 
prime white, and 190 to superfine white. 

Stammer’s chromometer is now made in an improved form without 
the wooden case. 

The use of the single-glass standard provided with this instrument 
was found by Redwood to be open to serious objection, as the varia- 
tions in colour of different samples necessitated the shortening of the 
column of oil so much in certain cases that the sensitiveness of the test 
became greatly impaired. Several important modifications introduced 
by Mr. Robert Redwood have, however, overcome this defect, and by 
means of the improved instrument employed in Redwood’s laboratory, 
it is easy to record accurately the colour of any sample on a scale 
ranging from “‘water-white”’ (x) to standard white (4). The space be- 
tween any 2 of the 4 shades is divided into 10 equal parts, so that if 
the colour, for instance, of a sample is midway between “water-white” 
and “superfine white” it would be indicated by the number 1.5. 

Another method of procedure that has been used in testing the colour 
and may be useful where chromometers are not available and for 
standardising purposes: 

The colour of the normal glass marked Sn. W. (standard white) - 
corresponds exactly to the colour of a solution of 0.00095% K.CrO, 
acidified with 5% sulphuric acid of a height of a column of solution of 
404.6 mm. See Table I from Rakusin. Lovibond’s' tintometer is an 
elaborate instrument adapted for analysis of, measuring, and recording 
of colours. 

The following grades of colour are recognised in the trade: 1. 
Water-white. 2. Superfine white. 3. Prime white. 4. Standard white. 


1 Now much used in England. 
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The following table shows the relations between the markings of the 
Wilson chromometer and the Stammer modification: 


Standard wihiter4er. ae ec cc Gils ve riria + vermis Some iyo) haabeele 
Standard: whitel3) 2/2 ac. 0 2 ee ial ears 68 mm. 
Prue cwhites 9 vic crete ct Selcee sie inlets tetetoledel one ences we teretas 86.5 mm. 
Primes whitesa}3// 4 ec aieie ssn ceke ie ele ot ieee TLS eT 
IDgia aed oe) a9 Oy on mon don ec eheocadgdeurarou0ue 143. mm. 
(brime whites 2°14 vit woiete die otter er ip) sistas 
Stipertime swihtte (2) sefeni. sh) ele reel =) eet ee eer 199 mm. 
Sipersne whiter ek / 2 eeeetee ts elre cite errr rene 255 mm. 
WWater=wiaite:d tities oe outer tie dn arg a eet were eee 310 mm. 


In some cases a diminution of light may be due to the presence of 
mineral ingredients; i. e., compounds of calcium or magnesium. 
These may be detected by reducing a moderate amount of the oil to 
ash, dissolving the residue in hydrochloric acid, and applying the usual 
precipitation tests. 

The following methods of determining burning value are taken 
from Redwood: 

Burning Quality Test.—Although the distillation test affords an 
indication of the value of an oil for illuminating purposes, more prac- 
tical results are obtained by burning the oil in lamps under conditions 
as close as possible to those existing in ordinary use. 

In most of the United States refineries the oil is tested by burning 
it in lamps of ordinary construction, and noting the diminution in the 
size of the flame after a certain time. ‘The results thus obtained 
depend upon many variable conditions, and attempts have been made 
to eliminate some of the sources of variation. 

Saybolt’s Apparatus.—The Saybolt testing-lamp consists of a 
tall graduated glass vessel with a burner which gives a flame of 
considerable height in. comparison. with its width. The chimney 
is also graduated so that the height of the flame may be measured. 

- A carefully selected wick is used, and the lamp is burned with the 
reservoir in a vessel of water at 60° F. The depression of the oil-level 
and the diminution in the height of the flame at the expiration of a 
given time are noted, and the “‘burning quality of the oil is judged 
thereform.” 

Canadian Method.—In Canada the “burning percentage” was for- 
merly determined by the use of a lamp thus described: ‘‘The bowl 
of the lamp is cylindrical, 4 in. in diameter and 2.75 in. deep, with 
a neck placed thereon of such a height that the top of the wick tube is 
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3 in. above the bowl. A ‘sun-hinge’ burner is used, taking a wick 
0.875 in. thick and a chimney about 8 in. long.” The test is conducted 
as follows: “The lamp bowl is filled with the oil and weighed, then 
lighted and burned up full flame, just below the smoking-point, and 
burned without interference til 12 ounces of the oil areconsumed. The 
quantity consumed during the first hour and the last hour is noted.’’ 
The ratio of the 2 quantities is then measured of the burning quality, 
and the percentage the latter quantity is of the former is the burning 
percentage referred to. 

Redwood’s Apparatus.—In Redwood’s laboratory, the wicks 
employed in ascertaining the burning quality of oils are examined 
by means of special apparatus, and any defective portion is rejected. 
The test consists in arranging a given length of the wick so 
as to draw, by capillarity, a mineral oil of known quality from a 
vessel, at a fixed temperature, the value of the wick being gauged 
by the amount of oil drawn out in a certain time. The wick is 
' dried immediately before use, and immersed in the oil while warm. 
The oil chambers of the lamp in which the tested wicks are subse- 
quently used are of uniform dimensions, and the burners are first 
tested to ascertain that they give similar flames with the same oil. 
The wick should be very carefully trimmed, and the oil in the lamp 
should be kept at a constant temperature, preferably at 60° F. The 
wick should be raised to yield the largest flame obtainable without 
smoke. For registering variations in the size and shape of the flame 
during the test, a camera is employed by Redwood, by means of which 
the outline of the flame may be traced at intervals on thin paper. 
No general agreement has, however, been arrived at as to the extent 
of diminution allowable in the flame from an oil classed as of satis- 
factory burning quality. The apparatus already described is also 
employed by Redwood in determining the relative capillary values of 
various oils. 

Illuminating Power.—The following table gives the results of 
comparative photometric tests made by Redwood with American 
kerosene and Russian kerosene (Nobel’s make), in ordinary lamps 
with Hinks’s duplex burner! and the 2 kinds of wick, some loosely 
woven, and the other somewhat more tightly woven: 


5 . 
1 These tests were not made with the present form of his burner, which has a higher 
illuminating power for a given consumption of oil. 
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PHOTOMETRIC COMPARISON OF KEROSENES. 
— ew 2 SS a eee 


American kerosene Russian kerosene 
Loosely | Tightly Loosely Tightly 
woven woven woven woven 
wick wick wick wick 
eae : ; 
Standard Standard Standard | Standard 
candles candles candles | candles 
Maximum illuminating power........ 25.59 | 24.25 22.1 | 19.14 
Maximum illuminating power, after 22.24 19.16 20.5 | Jind 
six hours. | 
Average illuminating power, during} 23.96 | 22.14 21.2 18.04 
six hours, | | H 
Diminution in illuminating power in six} 13.0 | 20.9 7.2 9.0 
hours. | | | 
Grains | Grains Grains | Grains 
Oiliconsumed per houry.....-:..--,.-- 1238 1213 1137 | “98x .6 
Oil consumed per candle-light per Gea) 54.7 83.6 | 54.4 
our. | 


The Russian oil did not give as much light as the American, but 
there was much less diminution in the illuminating power as the level 
of the oil in the reservoir became depressed. 

Sulphur compounds exercise an injurious effect upon the illumi- 
nating power of kerosene. Specimens containing large proportions 
of olefines, as do those obtained by cracking, are apt to contain 
sulphonates. These may be detected by a method given in connection 
with the examination of lubricating oils. For the detection of ordinary 
sulphur compounds the oil should be heated to boiling for some time 
with a fragment of sodium, in a flask furnished with an inverted con- 
denser. After cooling, water is added drop by drop to the contents 
of the flask till the sodium is oxidised. More water is then added, the 
aqueous liquid separated, and the solution tested with a drop of sodium 
nitroprusside, which will produce a fine violet-blue colouration if the 
sample contained sulphur. Sulphur can be estimated by burning 
a known weight of the oil in a standard gas-testing apparatus and 
precipitating the acid condensed with the water, as barium sulphate. 
The Carius and Sadtler crucible methods are not very suitable. 
Sulphur is a highly objectionable ingredient, owing to the formation 
of corrosive and poisonous bodies when the oil is burned. 

Sulphur is best estimated in kerosene by burning a weighed amount 
in a lamp and passing the products of combustion through a solution 
which oxidised the sulphur gases to sulphuric acid so that the sulphur 
can be determined as barium sulphate. Allen’s modification of the 
methods of Heussler and Engler which carried out this procedure 
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is as follows: The oil is burned in a small lamp, airis drawn into 
a small chamber surrounding the lamp, and the products of combus- 
tion are drawn through the absorbing vessel by means of suction. 
The solution used for absorption is solution of bromine in a 5% 
solution of potassium hydrate or carbonate. The methods of Kiss- 
ling, Ohlmiiller, etc., differ chiefly in having other absorbing solu- 
tions, but S. Friedlander compared the different ones and found them 
to give practically identical results. The reviser of this section has 
been told that water alone can be used and the sulphuric acid coming 
over can be titrated with standard alkali. The flow of SO, must 
certainly be very slow, however, as it is a well-known fact that SO, is 
not taken up to any extent by water, it being necessary in manu- 
facturing practice to use only slightly diluted sulphuric acid to 
absorb SO. 

An annoying turbidity sometimes develops in refined oil. It has 
been ascribed to various causes, such as the size used on the inside 
of the casks, but, according to Vieth (Ding. Poly. Jour., 277, 
571), the usual cause is the failure to remove all the sulphonic 
acids formed during the treatment of the oil with sulphuric 
acid in the refining process. The turbidity often appears in the 
dark and disappears when the sample is exposed to light and air. 
The only means of preventing it appears to be by treating the fresh 
distillate with about 1% of sodium hydroxide solution of 1.3 sp. gr., 
separating the solution, treating the oil with sulphuric acid, washing 
thoroughly, again treating with sodium hydroxide, and repeating the 
process until the oil is no longer affected by the alkali. All the alkali 
must be washed out before the oil is marketed. 

Optical Activity.—This optical activity of petroleum and petro- 
leum distillates has become a very important subject in recent years 
because of its bearing on the origin of petroleum. It is not now, nor 
is it likely to become, an important matter analytically, as the total 
amount of rotation is so slight; and if much coloured, crudes and even 
distillates have to be so much diluted with an inactive solvent, such as 
benzene, that the small optical rotation that might have been observed 
is not distinguishable. 

A. Rakusin recommends the use of the Ventzke (sugar) scale and 
white light. If the polariscope (with sodium light) is used the fol- 
lowing relation is used in the calculation: 

100° Ventzke =34.68° on the circular scale, 
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If an oil is too dark in colour it can either be diluted, as above 
referred to, or read in a shorter tube. Instead of a 200 mm. tube, a 
100 mm. or even a 50 mm. may be used. 

For distinguishing between the products of Russian and American 
petroleum, and for detecting admixtures of crude with refined oil, 
Riche and Halphen" have devised a test depending on the proportion 
of a special solvent required to form a clear solution with a definite 
weight of the sample. The solvent is a mixture of equal parts of an- 
hydrous chloroform and 93% alcohol. The quantity of oil taken is 
4 grm. in each case. Reference must be made to the original paper 
for the tables showing the comparative results with mixtures of known 
composition. Redwood states that the method is satisfactory if the 
strength of the alcohol be rigidly adhered to. 


GAS OIL. 


The oils used for gas-making are usually those yielding only small 
percentages of kerosene and are distilled for gas oil to the exclusion of 
nearly, all other products. There may be some benzin caught and 
some heavy lubricating oils before coking stage is reached, but the 
main product is the single cut of gas oil. Texas oil is much used for 
this purpose as are many other crudes, but particularly those that do 
not yield good kerosene fractions. These oils may be sold on their sp. 
gr. distillation record and sulphur contents or on their actual gas-mak- 
ing value. 

Owing to the rapid increase in the number of works using oil as an 
important element in gas-making, the matter of the selection of a suit- 
able gas oil has become a matter of importance and fo have had to be 
devised for the purpose. 

The chief test to be applied is that of using a small retort to 
determine the amount of gas obtainable and its candle-power as well as 
the yield of tar. J. F. Tocher (J. Soc. Chem. Ind., 13, 231 (1894)) de- 
scribed a cylindrical iron retort 36 by 6 in.,/and ina series of tables 
showed the nature of the products (1) from various oils; (2) from 
various hydrocarbons, and (3) the character of mixtures of oil-gas 
and coal-gas in various proportions. Although there have been 
better constructed retorts introduced for laboratory tests more re- 
cently, the results of Tocher are of considerable value. 


1( Jour. Pharm. et Chim., 30 (1894)), 
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The most practical laboratory retort for determining the gas value 
of an oil that has been devised is that of Helfers (Z., Agnew. Chemie, 
1896, 451). Fig. 5 shows the retort and connections. 100 c.c. of oil is 
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placed in the Hofmann funnel s and goes through the glass cylinder 7 
and the U-tube / to the needle valve k, where it is admitted a drop at a 
time into the retort g. The passages s, and k are weighed before and 
after the test to get the exact weight of oil taken and the retort g for 
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the amount of coke and o o for tar. The oil is introduced at the rate 
of 10-30 drops per minute after the retort has been brought up to red 
heat. If the delivery tube becomes clogged with tar the piston 1 is 
used to force a passage. When the gas-making is normal the gas has 
a brown colour and the tar is dark coloured; if the gas is white and the 
tar clear brown there has been an incomplete gassification. 

The candle-power of the gas on an average gas yield of 50 cubic 
meters from 100 Kg. of oil is calculated according to the following 
formula: 

A=gas yield, C=amount of coke, T=the amount of tar and L= 
photometric value of the gas. L;.=L Goa. (CT jn regular gas 
ovens. : . 

The conditions of an experiment carried out by F. Frank (Holde, 
Untersuch d. Mineralile u. Fette, f. 64) were as follows: 


Temperature of the upper retort { 


Temperature of the lower retort { 


Abita) COWES Gulspteda Mia omacdqo coe SbonasonaoUn ae: 40 minutes 
Amountonoilepassiticd tarry Sear 12.91 kg. 
Resulting gas\in cubic metres. -<. 2-2 --.1-5. +=: 7.70 m3. 
Resultin gitar ee ce avec age Sree skate tere eee eee 4.45 grm. 
Gasvoil used: for One UN wedi nn eel- as 2) eee 19.37 kg. 
Gastvieldforone ruliqeeas.trky aa ieeeen eee I1.§5 m3), 
From roo kg. of oil there was obtained: 

Gas in m3 .4h5 oA is, oc cedeiale cis hee oe eee 59.64 

Gas in Koa Neca ces Aetine aocbteisre Seekepecceemens 34.47 


The gas burning at the-rate of 35 litres per hour 
in burner No. 60 gave the following in Hefner 
candlesens iE, cokers tena aie een Shae ere II.3 


CALORIFIC VALUE. 


Sherman and Kropff (J. Amer. Chem. Soc., 30, 1626-31 (1908) ) 
found that fairly exact relations existed between the sp. gr. of petro- 
leum oils and their calorific power. 64 samples of typical American 
petroleum oils, from the chief oil fields and ranging from light gasolene 
to heavy crude oil were examined. The relationship is expressed in 
British thermal units per pound, and compared with the density, 
expressed in degrees Baumé. The following formula expresses the 
relationship approximately. 


B. T. U.=18,650+40 (Baumé degrees— 10). 


KEROSENE EMULSIONS. I4I 


In the case of nearly 90% of the samples examined the difference be- 
tween the observed and calculated calorific powers was less than 1%; 
it was greater than 2% in 1/30 of the cases, and in no case was greater 


than 3%. 


. of 0.7-0.75 indicates about 11,700-11,350 
of 0.75-0.8 indicates about 11,350-11,100 
. of 0.8 -0.85 indicates about 11,100-10,875 
of 0.85-0.9 indicates about 10,875-10,675 
of 0.9 —0.95 indicates about 10,675-10,500 


>>> >> 
Besse 
RARER 


Only 2 of 63 samples showed a difference of as much as 100 cals., and 
7 of as much as 50 cals. between the observed and calculated powers. 


KEROSENE EMULSIONS. 


So-called kerosene emulsion used for spraying fruit trees, etc., 
are mixtures of soap, kerosene and a little water. In addition to 
kerosene there may be tar acids combined as soaps and aromatic 
hydrocarbons. Crude petroleum may be used instead of kerosene, 

The emulsion may be broken and the oil extracted by drying, but 
that means loss of light constituents of the oil. The best way prob- 
ably is to add enough alcohol to a measured portion for analysis to 
completely break the emulsion and then add two or three times as 
much ether as alcohol and proceed as given on page 169. The “Re- 
viser”’ suggested this method quite recently (J. Ind., and Eng. Chem., 
1909, I, 479). 

The soaps generally contain rosin as well as fatty constituents. 
The soaps from these mixtures are examined after the removal of 
the oils, as just referred to, and any separation of different kinds of 
oils is effected after driving off the ether. Benzene homologues can 
be separated from petroleum oils by means of conc. nitric acid which 
converts the former into nitro-derivatives. 

Water is estimated in kerosene emulsion by means of distillation 
from aretort. The ‘“ Reviser’’ used a cylindrical copper retort holding 
about 1 litre, obtained from the Barrett Manufacturing Co., of 
Philadelphia. The burner is ring-shaped and surrounds the retort. 
With many oils water causes frothing, so it has been found best to start 
the heating with the burner at about the upper level of the liquid and 
then lower it after danger of frothing is over. A little petroleum ben- 
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zene (62°B.) may be added in cases where the hydrocarbons are of 
high b. p. so as to carry over the water. 

Soaps are estimated in mineral oil by drying to remove water and 
then thinning out with petroleum or sulphuric ether, and filtering off 
the insoluble soap. This method is applicable for alkali soaps, lime, or 
alumina soaps. The bases can be estimated by burning off the oil 
and decomposing the soaps, leaving the alkali and lime as carbonates 
and alumina as oxide. The alkalies can be titrated with methyl 
orange as an indicator. (See lubricating greases, page 177). 


LUBRICATING OILS. 


Lubrication has for its-object the reduction of friction between 
moving surfaces. In the sliding friction of solids the magnitude of 
the resistance is, up to the point of abrasion, dependent on the char- 
acter of the surfaces, and proportional to the force with which they 
are pressed together, though when the pressure is very low, the resist- 
ance may be principally due to the adhesion, in the case of lubricated 
surfaces. In fluid friction, on the other hand, the resistance is pro- 
portional to the area and velocity of the surface exhibiting it, and to the 
density and viscosity of the liquid. In the practical application of 
lubricants to the rubbing surfaces of machinery in motion, the friction 
is usually compounded of the friction of solids and of fluids in pro- 
portions varying in each case. In cases, however, in which it is 
practicable to float the moving part in the lubricant, fluid friction alone 
is concerned; while in the case of slowly moving heavy machinery, the 
resistance is chiefly due to the friction of solids. 

In theoretically perfect lubrication the resistance would be inde- 
pendent of the pressure. The more viscous the lubricant, the greater 
the pressure which can be sustained without squeezing out the film 
of lubricant from between the moving surfaces; but unnecessarily high 
viscosity creates unnecessary fluid friction, and the viscosity of the 
lubricant should therefore be proportional to the pressure. In other 
words, the lubricant should have just sufficient ‘‘body”’ or viscosity to 
keep the moving surfaces apart, under the maximum pressure. Hence 
for heavy machinery a highly viscous or even solid lubricant must be 
employed, and oils are not unfrequently wholly or partially replaced 
by graphite, steatite, wood saturated with waxes, etc. (so-called oilless 
bearings). In some cases the viscosity of the oil is increased by an 
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admixture of soap or by adding alkali. The following table shows the 
composition of 3 mixtures used for lubricating the axles of railway 
carriages: 


English 
fae = aT German 
Summer Winter 
as : . sade” = 
Tallow. =2 56 6695 ESO aE Bees 504 420 246 
lS ailitn OV 2 58 Baap ee ae a 280 280 | 98 
IRENOXS: Cilla oueeea ane CR Oe ema ea FED yrs ae ae (a Re | II 
OGL ROME Bede sists asa ee wake ts 22 FE i ice eis = a oe 
(SaUSHICEGOG ASU cits eres cu2 Ph a chew hhe 120 126 52 
WEMISIOS 320.4 otis Bee eae era es 137 Om 1524 | 593 


Rosin grease is a mixture of similar consistency, largely employed for lubricating the 
wheels of carts and colliery trucks. 


A combination recently introduced is Acheson’s ‘‘oil-dag”’ or 
lubricating oil in which is suspended deflocculated graphite, or 
graphite which has been brought to a very finely divided state by a 
process invented by E. G. Acheson, of Niagara Falls, N. Y. For 
delicate movements, such as exist in clocks and watches and light and 
fast-running machinery, the thinnest oils are suitable. 

A thick oil takes a greater power to drive, and develops a higher 
temperature than an oil of low viscosity; and, as a rule, the lubricant 
should be as thin as is consistent with the weight of the machinery 
and the temperature to which the oil will be subjected. With ample 
driving power a moderately thick oil may be used for heavy machinery, 
particularly if the temperature be high, but if the driving power be 
inadequate, it may be necessary to use a thinner oil. 

Although the foregoing is the main principle governing the choice 
of lubricants, the degree of viscosity required is also dependent on 
the fit of the bearing surfaces and upon the character of the motion, 
and these conditions vary largely in each case. It is very difficult 
to predict the behaviour of a particular oil in practice from its trial 
in a mechanical testing machine. On this account, as also from 
the more efficient of them necessitating the use of steam-power, the 
ingenious machines devised for testing lubricating oils have not fully, 
justified the anticipations of their inventors. The only rational plan 
of applying such tests is to use a series of standard spindles for testing 
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spindle oils, standard bearings for axle-lubricants, and so on for other 
oils. This requirement is practically prohibitory of the use of mechani- 
cal testers in an ordinary laboratory, and it is fortunate that a close 
relationship exists between the viscosity of an oil and its characters as a 
lubricant. In other words, if a given oil is satisfactory under known 
conditions of fit, pressure, speed, and temperature, it may be predicted 
with tolerable certainty that another oil of the same nature, having a 
similar viscosity, will yield equally good results. 

The one serious drawback in this deduction is that it only holds true 
with oils from the same, or similar, crudes. The tests of an oil made 
from Texas crude may be exactly the same as those made from a 
Franklin (Pa.) crude, but will not do the same work. The nature of 
the hydrocarbons plays a most important part in the matter. For the 
foregoing reason it is impossible for a chemist to certainly predict the 
action of an oil from his tests unless he knows the stock from which it 
was made. 

The characters which should be taken into consideration in forming 
an opinion on the suitability of a lubricating oil for a particular class 
of work are: 

1. The viscosity or “‘body” of the oil at the temperature at which 
it is to be used. 

2. The temperature at which the oil thickens or actually solidifies. 

3. The flashing-point, or temperature at which the oil gives off 
inflammable vapour in notable quantity. 

4. The volatility or loss in weight which the oil suffers on exposure 
in a thin film to an elevated temperature. 

5. The ‘“‘gumming” character, or tendency of the oil to become 
oxidised. 

6. The proportion in which the fatty and hydrocarbon oils of a 
mixture are present. 

7. The proportion and nature of the free acid, if any, in the oil. 

8. The tendency of the oil to act on metals. 

g. The presence of mineral matters, such as the bases of soaps. 

to. The presence of graphite. 

tr. The presence of tarry matter. 

12. The presence of metal particles in a recovered (filtered) oil. 
C. F. Mabery and J. H. Williams (J. Amer. Chem. Soc., 30, 992- 
1000 (1908) ) have determined the selative lubiicating values of cor- 
responding members of the different series of hydrocarbons found 
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in petroleum. The following tables show some of the results obtained 
by Mabery and Williams. The hydrocarbon series having the least 
hydrogen were found to have the greatest viscosity and lubricating 
value. This had been known in a general way from practical experi- 
ence. For instance, it has been known for some time that the vis- 
cosity of melted paraffin was much less than hydrocarbons of the 
same b. p. of series lower in hydrogen. This work of the above- 
mentioned authors is quite detailed in its proof and is of great com- 
mercial importance. Table A shows comparisons of sp. viscosity in 
two cases between higher and lower series, and table B similar results, 
with actual friction tests in addition. 


TABLE A (60°). 


Series fae Bie Sp. gr. Sp. vis. 
(CLAS lea Eee ce tun ee 294—-296° (50 mm.) 0.781 10.88 
(CALS leeches mere ore 294—296° (50 mm.) 0.841 21.23 
(CAS Ee yp oe ae cee 274-276° (50 mm.) 0.775 8.51 
OE spam ee east «eas 274-276° (50 mm.) 0.835 15.63 


Viscosimetry.—As already stated, the viscosity or “‘body”’ of an oil 
is the most important criterion of its suitability as a lubricant under 
certain conditions, and hence great interest attaches to its satisfactory 
determination. It has acquired greater importance of late years, 
owing to the rapidly increasing employment of mineral lubricating 
oils as substitutes for the fatty oils formerly used. Thus, different 
specimens of any given fixed oil, such as sperm oil or rape oil, vary 
in viscosity only within comparatively narrow limits at a given tem- 
perature, and hence an engineer accustomed to use a given fixed oil 
would, in purchasing such oil, derive little advantage from a knowl- 
edge of the viscosity of a particular sample of such oil. On the other 
hand, mineral lubricating oils may be manufactured of any required 
viscosity within comparatively wide limits, and hence it is very im- 
portant that an engineer should be able to ascertain whether further 
supplies of this class of lubricant are of a viscosity similar to that of 
the oil previously employed. 

It was formerly assumed that the viscosity of an oil bears a tolerably 
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definite relation to its sp. gr., but the fact that this is an error is now 
generally recognised. 

Sherman, Gray and Hammerschlaz show a comparison of the 
Calculated and Determined Viscosity Numbers (Engler) and Flashing 
and Burning Points in Oil Mixtures (Jour. Ind. and Eng. Chem., 
I, 13 (1909) ). In mixtures of 2 petroleum lubricating oils, or of a 
petroleum oil with a fatty or sperm oil, the Engler viscosity numbers 
and the flashing- and burning-points were invariably found lower than 
would be calculated from the percentages and properties of the con- 
stituents, if it were assumed that their properties were practically 
additive, like the sp. gr. In general, the difference between the calcu- 
lated and observed values increases with the difference in properties 
in the 2 oils constituting the mixture. In some cases the differences 
were greatest in mixtures containing equal weights of the constituents, 
but more generally the difference was greatest in cases where a smaller 
proportion of the low-test or lighter oil was mixed with a larger propor- 
tion of the high-test or heavier oil. 

Krause observed the following rates of flow at 15° for 4 varieties 
of mineral oil of identical sp. gr. (0.883): 


Saxony oil (paraffin)...... 70} SECOTG Sime NTR TAC ED aes erat eerie 550 seconds. 
@elheimtns. ue 25G SeCONGS. | SCOLCO emieenee - eee FOS Secondss 


Temperature has much influence on the viscosity of oils, and is 
greatest in those which are solid or partly so at ordinary temperatures. 
The thicker animal oils containing much stearin are most sensitive to 
an increase of temperature. Many mineral oils, however, though fluid 
at ordinary temperatures, decrease in viscosity so rapidly when heated 
as to have quite different characters at high temperatures. This fact 
must be kept in mind when an oil is to be used in an engine cylinder or 
under similar conditions. As the temperature of a given friction sur- 
face is liable to vary considerably, preference should be given to an oil 
which shows the least variation in viscosity with the limits of tempera- 
ture to which it is likely to be subjected. 

The following figures by J. Veitch-Wilson show the decrease in 
viscosity by rise of temperature of certain typical fatty lubricating oils: 
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Number of seconds required 
Oil 

At 15.5° At 49° At 82° 
SYoer anil, «6: 5 cesrera Oe api oo cae cioae one eee ea 47 30.5 25-75 
@livecner yee re usstnc lola sere ioe ie fies 92 B7Eas 28.25 
IER ey es cu cd crak aeRO ISR ORR RPE Ice 96 38 28.5 
Ria De Seer ates erie aielectatstey ae Gla! etapa | 108 41.25 30 
INeatstootepra cnr actin «ib clear cies : I12 40.25 29.25 
pealows (Oil) teectme cients ete ote eloate rs 143 37 25 
Wngine allowance ase = | Solid 41 26.5 


The following are figures obtained in Allen’s laboratory: 


Number of seconds required 
; Sp. gr 
Oil mi fap 5° 
ATURE Ss At 50° At 100° 
Sperm. 881 80 47 38 
Seal (pale). Boer ye en ees So, ens = 924 ae as 56 43 
Northernawhalesayscre ceri set ctl Oey | 186 Osea 40 
peMicnhaden enn .< tect f Picts: 932 172 AO Wee ren 
ICSU G wemtayetsres taste otetns, 2 wctee! ay g2I 168 64 5° 
ENTLC HIS Saati er eke. eeiaketeycta) we tere 922 180 Ga Aseria 
Cottonseed eee con iden cketa eee, 925 180 62 40 
(aoe 927 176 59 43 
Olive.. a is tae Ree 916 187 62 43 
UNA Pe met etree eect wie o.s65;ainife.neeetenas gI5 261 80 45 
CaStongaens saute ek aki 965 2420 330 60 


Boverton Redwood (J. Soc. Chem. Ind., 


1886, 128) has determined 


by his standard viscosimeter,(page 151) the comparative rates of flow 
of a number of oils for every rise of 10° F. The following figures are 
the number of seconds required for 50 c.c. of each oil to flow through an 
orifice out of which an equal measure of water at 60° F. ran in 25.5 


seconds: 
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On examining the results recorded in the foregoing table, it will 
be observed that sperm oil is remarkable for the comparatively slight 
reduction in its viscosity caused by increase of temperature, a property 
to which the value of this oil as a lubri¢ant for use under very varied 
conditions is probably due. The Russian mineral oils lose their 
viscosity with an increase of temperature more rapidly than American 
oils of the same sp. gr., but in both classes the reduction is most rapid 
in the case of the most viscous oils, and, as the Russian oils have a 
higher viscosity than the American, a more rapid reduction in the 
former case might be anticipated. 

The elementary form of apparatus for determining viscosities con- 
sists of a pipette drawn out to a narrow orifice at the lower end. The 
tube is supported in a vertical position and filled with the oil to a certain 
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mark, the orifice being closed by the finger. The oil is then allowed 
to flow out till a lower mark is reached, or till a definite measure has 
been received in a graduated vessel, the number of seconds required 
being noted. 

The viscosity of oils being affected to an important extent by very 
slight variations of temperature, it is very desirable to surround the 
viscosity tube with an outer tube or cylinder containing water at the 
desired temperature; for high temperatures a less volatile liquid than 
water might be substituted. 

It is desirable in all cases to compare a sample of oil with others 
of known quality and origin, as the viscosity figures obtained by 
the use of one apparatus of the above kind are not directly comparable 
with, or even capable of strict conversion into, those yielded by others. 

The viscosities are often stated as the number of seconds required 
to run through a certain orifice at a given temperature, and to render 
such figures comparative, they have usually been referred to rape oil 
asastandard. As, however, different samples of rape oil differ sensibly 
in viscosity, the results obtained by different observers have, for this 
and other reasons, not been capable of accurate comparison. 

If, however, a defined and constant apparatus be employed, it 
becomes a simple matter to refer different samples to a standard. 
Water possesses too little viscosity to make it a desirable liquid with 
which to compare lubricating oils. Glycerol can be diluted with water 
to any required viscosity, and the-sp. gr. of the standard liquid being 
once ascertained, a fresh standard can always be prepared at will. It 
is evident, however, that if the viscosity of rape oil be determined by the 
careful testing of a number of specimens, the average can be regarded 
as the viscosity of a standard rape oil, and if a constant apparatus be 
employed, the results can always be expressed in terms of such stand- 
ard. Redwood has determined the viscosity of a considerable number 
of samples of genuine rape oil, and finds that the average time re- 
quired for 50 c.c. of the oil at 15.5° to flow out of a Redwood’s viscosim- 
eter is §35 seconds, water under similar circumstances running out 
in 25.5 seconds. ‘Taking, therefore, the viscosity of standard rape oil 
at 100, the viscosity of any other oil of the same density will be found 
by multiplying by 100 the time in seconds required for 50 c.c. to flow 
through the orifice, and dividing the product by 535. If the density 
of the sample be different from that of rape oil, the figure thus obtained 
should be multiplied by the sp. gr. of the sample at the temperature 
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of the experiment, and divided by 915 (the sp. gr. of refined rape oil 
at 15.5°). The rule is expressed by the following equation: 


Seconds of flow X 100 X sp. gr. of sample 
489525 


=Viscosity. 


Redwood’s Viscosimeter.—Boverton Redwood devised an instrument 
(Fig. 6) which is capable of being standardised, and has been much 
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used. The viscosity tube (A) is made of copper thickly electroplated, 
and is 3 1/2 in. high by 1 7/8 in. internal diameter. In practice 
it is filled until the surface of the liquid just touches the point of a bent 
wire soldered to the side of the tube. ‘The orifice is a hole of a defi- 
nite size drilled in agate (c), but glass might doubtless be substituted 
without affecting the accuracy of the indications. The friction of the 
flowing oil against the sides of a long tubular orifice notably affects the , 
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indications of the instrument, and hence the tubular portion of the 
orifice is made as short as practicable. The upper surface of the agate 
is cup-shaped, so as to fit the bulb of the thermometer (D), which may 
be used as a plug, but the instrument is also supplied with a spherical 
plug of electroplated copper attached to a wire. The viscosity tube is 
surrounded by a cylindrical reservoir of copper (£), which can be 
filled with water or other fluid and readily brought to and maintained 
at any desired temperature. For temperatures below 100°, water is 
most convenient; above that temperature, paraffin or mineral lubricat- 
ing oil of high b. p. may be used. The fluid in the reservoir may be 
heated by a gas-flame placed under the projecting portion (Ff), and can 
be agitated by gently moving the inclined paddles by means of the 
handle (—H). When the temperature employed is considerably above 
that of the laboratory, the agitator should be kept in gentle motion 
throughout the experiment. Care must also be taken that the tem- 
perature of the oil in the inner cylinder is maintained constant, as a 
difference of 1° or less will make an appreciable difference in the rate 
of flow of some oils. 

In using Redwood’s viscosimeter, the liquid in the reservoir should 
first be brought to the required temperature, and the oil to be tested, 
previously brought to the same temperature, should then be poured into 
the inner cylinder until the level of the liquid just reaches the point of 
the gauge (B). A narrow-necked flask, holding 50 c.c. to a point 
marked on the neck, is placed beneath the jet in a vessel containing a 
liquid of the same temperature as the oil. The ball-valve is raised, and 
the number of seconds required for 50 c.c. of the oil to flow out is noted 
in the usual way. At least two experiments should be made, and the 
results should agree closely. 

Samples should be filtered if not quite clear, as suspended matter or 
globules of water may obstruct the orifice. Soft paper should be used 
for wiping out the oil-cylinder. In employing this or similar forms of 
viscosimeters, it is essential that the oil should be at the same height in 
each experiment, and that the same measure should flow out, other- 
wise discordant results will be obtained. Allen made an addition 
to the Redwood’s viscosimeter by which a constant head of oil 
is maintained. The oil-cylinder is provided with an air-tight cover, 
The cover is perforated by 2 holes fitted with short tubes, one of _ 
which is furnished with a tap, while the other has another tube screwing 
air-tight into it. This tube (c) is prolonged on 2 sides in contact 


LUBRICATING OILS. 153 


with the agate orifice, while the angles of the inverted V-shaped slits 
cut on each side terminate exactly 1 1/2 in. higher. The cylinder is 
filled with oil before commencing an experiment, the tap closed, and 
the orifice opened till the oil sinks to a certain level in the inner tube. 
Air then bubbles in regularly, and when this is noted, the oil is collected 
in a graduated cylinder. Any volume from io to 50 c.c. may be 
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allowed to run out, as the oil gradually falls in the upper part of the 
cylinder, but is maintained constantly at the level p. Experiments 
made in Allen’s laboratory prove the flow to be extremely regular; 
and the modification has the additional advantage of allowing the 
viscosity to be determined from the flow of a very moderate measure 
of oil, whereas if 50 c.c. be the volume collected, the observation 
sometimes becomes tedious. The results obtained by comparative 
testing by the closed and open apparatus agree. 
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Engler’s viscosimeter consists of an accurately made brass oil- 
vessel 106 mm. internal diameter, 4o mm. deep at the side, and 48 
mm. at the centre, the bottom being a flat cone. A slightly conical lid, 
fitting snugly like a saucepan-lid, closes the vessel. The inner surface 
of the oil-vessel is gilded. In the centre of the bottom is a platinum 
outflow tube 20 mm. long, with a slightly conical caliber 2.9 mm. at 
the top, 2.8mm. atthelowerend. This tube can be closed by a pointed 
rod of hard wood. The level to which to fill the oil (240 c.c. are used) 
is indicated by three small pointed projections on the side of the oil 
vessel. A thermometer passing through a hole in the lid dips into 
the oil. The oil vessel is surrounded by an oil-bath 130 mm. in 
diameter, 58 mm. high at the sides, and 68 mm. at the centre, at 
which latter point the lower end of the outflow pipe passes through 
by a tight joint. The top of this bath is on a level with the top of 
the oil-vessel. The bath is not covered; a thermometer dips into the 
oil. The whole apparatus is securely supported and heated by a 
ring burner. A flask marked at 200 c.c. and 240 c.c. is placed pre- 
cisely below the outflow tube. To secure uniformity and obtain 
comparable data standardised instruments must be employed, for the 
construction of which Engler has arranged with Desaga, of Heidelberg. 
Full directions for use are furnished with each apparatus. This visco- 
simeter is much used in Germany, especially in the railway service. 

Torsion Viscosimeter (J. Amer. Chem. Soc., 1883, 173, 454. The 
cut was loaned by Bullock & Crenshaw, of Philadelphia).—This 
instrument, shown in Fig. 6, depends on the principle of the torsion 
balance. It was devised by O. S. Doolittle for use in the laboratory 
of the Philadelphia and Reading Railroad Company. It has been 
found very satisfactory, and has been much used in American 
laboratories. 

A steel wire is suspended from a firm support and fastened to a,stem 
which passes through a graduated horizontal disc, thus allowing the 
torsion to be exactly measured. The disc is adjusted so that the 
index points to zero, showing that there is no torsion in the wire. A 
cylinder, 2 in. long by 1 1/2 in. in diameter, having a slender stem 
by which to suspend it, is then immersed in the oil and fastened by 
a thumb-screw. The oil is surrounded by a bath of water or paraffin, 
according to the temperature at which the observation is to be made. 
This temperature being observed while the disc is resting on its sup- 
ports, the wire is twisted 360° by means of the knob at the top. The 
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disc being released, the cylinder rotates in the oil by reason of the tor- 
sion of the wire. The action is analogous to that of the pendulum. 
If there were no resistance to be overcome, the disc would revolve to 
zero, and the momentum thus acquired would carry it again to 360°. 
In reality, the resistance of the oil to rotation causes the revolution to 
fall short of 360° in proportion to the viscosity of the liquid. The 
retardation thus produced is a delicate measure of the viscosity. 
There are a number of ways in which this retardation may be read, 
but the simplest is the number of degrees retardation between the 
first and second complete arcs covered by therotating pendulum. For 
example, suppose the wire be twisted 360° and the disc released 
so that rotation begins. In order to obtain an absolute reading which 
shall be independent of any slight error in adjustment, the start from 
360° is ignored, and the first reading taken at the end of the first 
swing. ‘The next reading, which is on the other side of the O point, 
is also ignored, as it belongs in common to both arcs. The third 
reading is taken, which will be at the end of the second complete arc 
and on the same side of the O point as the first reading. The dif- 
ference between these 2 readings will be the number of degrees 
retardation caused by the viscosity of the oil. Suppose the readings 
are as follows: 


inst TEACIn Pe oiler right hand, 355.6° 
Second reading |. wane. cc left hand—ignore 
debird readings ies: pees right hand, 338.2° 


17.4° retardation. 


In order to secure freedom from error, two tests should be made— 
one by rotating the milled head to the right and the other to the left. 
If the instrument is in exact adjustment, these results will be the same; 
but if it is slightly out, the mean of the two readings will be the correct 
reading. 

In order to overcome the variations in different instruments, each 
one is standardised against pure cane-sugar solutions, and the viscosity 
is expressed in the number of grm. of pure cane-sugar contained in 
roo c.c. of the syrup at 15.5°, which will give the retardation desig- 
nated at 26.6°. These readings are obtained by making a number 
of solutions containing known amounts of pure cane-sugar, and deter- 
mining the retardation of each. A curve is then marked out on a 
piece of blotting-paper, the number of grm. of sugar in 100 c.c. of the 
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different syrups representing the abscissas, and the degrees of retarda- 
tion the ordinates. This curve enables us to interpolate the value of 
each degree of retardation in terms of pure cane-sugar, and in this 
way a table of viscosities is drawn up and furnished with each instru- 
ment. This table renders the results obtained by the different instru- 
ments strictly comparable. 

One advantage of the torsion viscosimeter is that the observations 
are independent of the sp. gr. of the liquid, which is not the case with 
instruments depending on flow. Doolittle, in fact, found that liquids 
of the same viscosity, but different gravities, gave markedly different 
results with Saybolt’s viscosimeter. 
Tables showing comparisons between 
viscosities determined by the Saybolt and 
Doolittle apparatus are furnished by the 
makers of the latter form. 

Among other advantages, the instru- 
ment permits of the taking of viscosities 
at high temperatures without the incon- 
veniences of handling the hot liquid. 
This is an important point, as the results 
obtained below r1oo° are often so much 
changed at higher temperatures that the 
relative viscosities of two oils compared at 
100° may be reversed when compared at 
175°. (See page 148.) By means of a 
paraffin bath these high temperatures can 

Fic. 8. be easily employed in this instrument. 
When an oil has been tested, it is only 
necessary to remove and wipe off the cylinder, when it is ready for 
another test. The data are also independent of any moderate amount 
of dirt in the oil. 

Saybolt’s viscosimeter is much used in the United States. It is 
made in 3 forms, adapted for testing different grades of oils. One 
form consists of an outer vessel serving as a bath, and inner tube to 
carry the oil. In each of these there is a glass window, that the time 
when the level of the oil reaches a certain point can be readily observed. 

At the top of the oil tube there is a series of holes which open into 
a trough, so that the tube cannot be filled above the line of these holes; 
hence the same amount is used each time. For higher temperatures 


LUBRICATING OILS. 157 


an apparatus is used without windows, the oil being allowed to flow into 
a flask marked at a definite volume. 

Many other forms of viscosimeter have been devised or proposed. 
Most of them are based on the rate of flow under the influence of 
gravity, and hence are different only in details from the Redwood, 
Engler, and Saybolt instruments. Traube' has suggested a form 
in which the oil is forced by pressure through pipettes, the caliber of which 
differs according to the oil to be tested. Wright and Gill have ex- 
pressed favourable opinions of this instrument, but it has not come 
into general use. Several forms have been constructed in which a 
vane is rotated in the oil, but with such apparatus it is very difficult to 
obtain uniform results. It is probable that the torsion instrument 
comes more nearly to the conditions of practice than any other form. 

Cold Test.—Lubricating oiis are subjected to this test with a view 
of deciding how well they can withstand low temperatures, without 
depositing paraffin or solidifying. 

There are several forms of apparatus used for this test such as 

1. Chilling in a 1-in. test-tube. 

2. Chilling in a 4-oz. oil sample bottle. 

3. Refrigerator testing, such as in the Tagliabue apparatus. 
4. Testing in U-tubes with air pressure. 

The first 2 simple forms of apparatus are much used. Probably 
the use of the oil sample bottle has preference, as it is available in all 
laboratories where oil is tested and is about of the right diameter and 
stronger than test-tubes. The refrigerator method is used in many of 
the best equipped laboratories, while the U-tube method is consider- 
ably used in Germany and elsewhere on the Continent. 

1. Chilling in Test-tube.—If tested singly or a few at a time, the 
oil is added until the tube contains about 1.5 in. in the bottom and 
placed in an ice and salt mixture for 1 hour and then warmed slowly 
at room temperature until the oil begins to flow on inclining the tube. 
This point is taken as the cold test. The oil is stirred with the ther- 
mometer to prevent taking low figures while the bulb is in a super- 
cooled portion. With dark coloured oils, especially cylinder oils, the 
reading of the thermometer is liable to become obscured by the oil, 
which the operator must obviate by rubbing the thermometer against 
the side of the tube or else using a rod or something of the kind to rub 
the oil from the thermometer at the point of the mercury level. At 
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least 2 tubes should be used for éach test and the results averaged. 
In some cases frames are used to hold 8 or more tubes at once. 
In this case a liquid surrounds the tubes that freezes below the freezing- 
point of the oil, such as a brine solution and a freezing mixture sur- 
rounding this. The tubes after having cooled sufficiently, say for 1 
hour, can be examined separately at room temperature as when 1 or 
2 are done at a time. 

2. Chilling in Oil-sample Bottles.—This procedure is exactly 
the same as is followed with test-tubes. About 1.25 to 1.5 in. of oil 
are used in the bottle. 

3. Refrigerator Testing.—This method is prescribed by the New 
York Exchange and seems to be best carried out by the Tagliabue 
tester, which is a double-walled refrigerator.. The oil is contained in 
a glass that is rocked, and the freezing of the oil can be noted through 
a window in the walls of the chamber. 

4. An example of method 4 is the Schultze apparatus, which is 
described in Redwood as follows: The cold-test apparatus of 
Schultze, of Berlin, adopted by the Prussian State Railways, is fitted 
with a U-tube 6 mm. in diameter, and graduated in millimetres to 
contain the oil to be tested. The U-tube is immersed in a freezing 
mixture, and is connected with a manometer, by means of which, on 
opening a pinch-cock, a pressure equal to a height of 50 mm. of water 
may be applied to its contents. The temperature of the freezing 
mixture is indicated by a thermometer, and may be adjusted as re- 
quired by varying the constituents of the mixture. In applying the 
test, the U-tube, charged with the oil to a height of 30 mm. in each 
limb, is immersed in the freezing mixture for an hour, after which it is 
raised so that the oil surface is above the refrigerant. The pressure 
from the manometer is then allowed to act, and the rate at which the 
oil is depressed in the limb connected with the manometer, during 1 
minute, is noted. Several U-tubes containing samples of oil may 
be cooled simultaneously, and tested one after the other. 

The flashing-point, or temperature at which an oil gives off a 
notable quantity of inflammable vapour, may be determined by the 
methods given on pages 120 ef seg. The flashing and b. p. of the 
fatty oils are so high as to be beyond the temperature to which they are 
subjected in use; but with hydrocarbons the point becomes important. 
In the case of oils employed for engine cylinders, the flashimg-point 
Should certainly not be lower than 200°, nor the burning-point below 
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260°. The importance of a high flashing-point is twofold in such 
cases. There is less chance of inflammation, and the india-rubber 
packing of the cylinders is less liable to be injured. Undoubtedly the 
greatest value of the flash and fire tests lies in their indication of the 
relative density or body that two oils, under comparison, may have. 

The loss by heating the oil is also an indication of the presence 
of volatile constituents, which may cause a serious increase in the 
amount of oil consumed in practice. ‘To observe the behaviour of the 
oil, a known weight should be placed in a watch-glass, wide beaker, or 
flat porcelain dish, and kept for 24 or 48 hours in an air-bath at a 
temperature similar to that to which it will be exposed in practice, 
and the residual oil weighed. Gill heats the oil for 8 hours, and 
regards a loss of over 4% as sufficient to condemn the oil. 

The drying character of an oil may be indicated by the test last 
described, the increase in the weight of different samples when exposed 
under the same conditions being a measure of their tendency to oxi- 
dise, providing they do not lose volatile constituents. As they prob- 
ably will lose such constituents this test is of little value, and the 
oxygen-absorption test, described below, must be used. The method 
of making the test may be varied. ‘‘Gumming,” or tendency to 
dry, if existing to any notable extent, renders an oil unfit for use as a 
lubricator. The hydrocarbon and terrestrial animal oils are prac- 
tically free from drying tendencies; but “‘fish”’ oils are less perfect in 
this respect, with the exception of sperm and bottlenose oils, which 
have peculiarities which distinguish them from all others (see Vol. 2, 
page 240). The vegetable oils differ greatly in their drying prop- 
erties, but even the so-called non-drying oils, like rape and olive 
(see Vol. 2), are not wholly free from a tendency to thicken. An 
admixture of hydrocarbon oil notably reduces the tendency of a 
vegetable oil to thicken, and correspondingly diminishes its liability to 
generate sufficient heat to cause spontaneous combustion. On the 
other hand, the presence of resin causes a notable increase in the 
gumming tendency of an oil. 

For determining the gumming quality of lubricating oils, A. Bach 
(Chem. Zeit., 1889, 13, 905) uses the following method, slightly 
modified from that of Fresenius: 

The oil is heated for ro hours with oxygen in a sealed tube (about 
roo to 125 c.c. capacity) in an air-bath; the point of the tube is then 
broken under a measured volume of water, and from the difference in 
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volume the absorption is calculated. The presence of excess of 
oxygen after the completion of the experiment should be proved with 
a glowing splinter of wood. The following absorptions were obtained, 
1 grm. of oil being taken in each case: 


Oxygen absorbed 
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Rosin oil or vegetable oils in admixture with mineral oils can thus 
be detected on account of the low oxygen absorption of the latter. 
Further, the oil has only a slight or no acid reaction in the case of 
mineral oil, and a strongly acid reaction in that of rosin oil. 

The free acid of an oil and its tendency to act on metals are charac- 
ters which are closely related. A perfectly neutral oil has no action on 
metals at ordinary temperatures, and experiment shows that the corro- 
sive action increases in direct proportion with the quantity of free acid 
present (Vol. 2, page 9). 

Many cases of so-called “clogging” or ‘‘gumming” of oils, com- 
monly attributed to oxidation, are really due to the action of the free 
acids on the metal bearings of the machinery, with consequent pro- 
duction of soaps. The corrosion of bearings by oils has not received 
the attention it deserves, as the wear and tear of the metal and the 
thickening of the oil have been attributed to other causes. Liquid oils 
appear to corrode metals very evenly, so that the effect is not readily. 
observed, but with solid fats it is very different. 

Although when freshly manufactured an oil may be free from any 
trace of acid, it is not unlikely to acquire a very sensible acidity in 
time. This is true of many animal and vegetable oils, which have 
a tendency to become acid by keeping, through a partial splitting up of 
the fats into glycerol and free fatty acids. Hydrocarbons are free 
from this tendency, but it must be remembered that a hydrocarbon 
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which has been overrefined by means of sulphuric acid may develop 
serious acidity by keeping or by exposure to heat. 

The presence or formation of free acid in an oil being the chief if not 
the only cause of its tendency to act on metals, the results published by 
various observers, showing the amounts of iron and copper dissolved 
in equal times by different oils, have no interest or meaning apart from 
the particular samples of oils examined, the action on the metals 
being simply a function of the free acid the oils happened to contain. 

Although at the time of using, an oil may be wholly free from acid 
reaction, it may, if of animal or vegetable origin, readily become acid, 
and hence corrode the metallic surfaces it is employed to lubricate. 
This is notably the case when the oil is exposed to the action of high- 
pressure steam, as under such conditions all the fatty oils suffer de- 
composition more or less readily, with formation of free fatty acids and 
glycerol. 

The free fatty acids formed by the hydrolysis of the oil readily act 
on the metal of the cylinder and produce an iron soap which clogs up 
the machinery in a very troublesome manner. It is a curious fact that 
the soaps of iron and other of the heavy metals (especially the oleates) 
are soluble in hydrocarbons, though insoluble in water, the reverse 
being the case with the soaps of the alkali metals. As a consequence of 
this the iron soap produced in engine cylinders lubricated with tallow, 
castor oil, or other fatty oils, becomes dissolved out whenever a change 
is made to a mineral lubricating oil. This fact is well known to en- 
gineers, but it has often been wrongly attributed to an abundant pro- 
duction of ‘gummy matter” by the mineral oil itself. 

In some cases it is found difficult to obtain mineral oil having a 
sufficiently high viscosity at the temperature at which it is intended 
to be employed, and an addition of castor oil is consequently made. 
There then arises the practical inconvenience that mineral and cas- 
tor oil are mutually soluble only to a very limited extent, but by ad- 
dition of some other oil, such as tallow oil, perfect union can be effected. 
The “blown oils’? now extensively manufactured as substitutes for 
castor oil are readily miscible with mineral oil. ; 

A mixture of mineral oil with fatty oil, when used in an engine 
cylinder, appears to exert a less corrosive action on metals than might 
be anticipated from the proportion of fatty oil in the mixture, the 
mineral oil appearing to prevent the decomposing action of thesteam 
on the fatty oil. 

Wone,| WAU 


162 ; BITUMENS. 


It is evident from the foregoing considerations that, in making an 
examination of a lubricating oil, its tendency to act on metals should be 
tested as far as possible under the circumstances and at the tempera- 
ture of its use in practice. Thus, not only should the nature and pro- 
portion of free acid present in the original oil be ascertained, as described 
in Vol. 2, page g, but in some cases this determination should be sup- 
plemented by a titration of the oil after it has been exposed to a high 
temperature in contact with water. 50 grm. of the oil and an equal 
measure of water should be heated in a closed bottle immersed in 
boiling water. The contents are frequently agitated, and after 6 or 
8 hours the bottle is opened and the oil and water are separated. 
They are then titrated separately with decinormal alkali, first using 
methyl-orange as indicator to show the presence of mineral acid 
(sulphuric) and then phenolphthalein to show the presence of other 
acids. The acidity of the aqueous liquid will generally be due to free 
sulphuric acid, produced by the decomposition of sulphonates in the 
original oil, and if found in notable quantity, proves the oil to be of an 
objectionable character. The acidity of the oily stratum and that in- 
dicated with phenolphthalein in the aqueous layer will represent the 
fatty acids formed by the action of the water, plus the fatty acids 
previously present, which latter can be ascertained by titrating the 
original oil. In the case of cylinder oils, it may sometimes be desirable 
to heat the oil and water in a sealed tube contained in a bath of boiling 
saturated solution of calcium chloride, which will give a temperature 
corresponding to an internal pressure of 10 atmospheres, or about 150 
pounds per square in., but in most cases a temperature of 100° will 
suffice. 

Useful results can be obtained by exposing to the air samples of 
lubricating oil in flat porcelain dishes. Bronze coins or coils of copper 
or iron wire are partially immersed in the oils. When copper is em- 
ployed, in the course of a day or 2 many samples of oil acquire a 
bright green colour from dissolved copper oleate, but in other cases 
the extent of the action is much disguised by the brown colour of the 
oil. If the oil be transferred to a separator and shaken with ether 
and dilute sulphuric acid, the dissolved metals pass into the acid 
liquid. On separating this from the ethereal layer and adding excess 
of ammonium hydroxide, the depth of the blue colouration produced 
is a fairly accurate measure of the action of the oil on the copper. If 
iron wire has been employed, the depth of the red colouration pro- 
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duced by adding a thiocyanate instead of ammonium hydroxide, will 
serve to indicate the extent of the action. The method, which is 
due to Archbutt, is capable of being applied quantitatively, and gives 
useful comparative results when employed under constant conditions. 

In some cases useful results are obtainable by exposing oils in con- 
tact with metals at an elevated temperature, and then ascertaining the 
extent of the action as just described. 

W. Fox (Analyst, 1883, 8, 116) considers that the value of a non- 
mineral lubricating oil is inversely as its tendency to absorb oxygen 
when heated to 1oo° in contact with a metal, such as finely divided 
lead. His figures show, however, that the drying tendency of the oil 
employed is the chief factor concerned, though the amount of oxygen 
absorbed is not an accurate criterion of this property. 

Mineral matters can be detected in the residue left on igniting the 
oil. Free alkali can be estimated by titrating the oil in presence of 
alcohol with standard acid and phenolphthalein, and that existing as 
soap by using methyl-orange as an indicator. Aluminum palmitate 
and oleate are now added to mineral oils to increase viscosity. Various 
soaps, especially those of aluminum, are added to lubricants to in- 
crease the viscosity. A mixture of mineral oil with about 10% of 
aluminum soap is sold largely under the misleading name “gelatin.” 

For the detection of these Schweitzer and Lungwitz (J. Soc. Chem. 
Ind., 1894, 13, 1178) have devised the following test: About 0.5 c.c. of 
the sample are dissolved in 5 c.c. of petroleum spirit (boiling below 
75°), anhydrous ether or absolute alcohol, and mixed with 1 c.c. of a 
saturated solution of metaphosphoric acid in absolute alcohol or 
anhydrous ether. In the presence of potassium, sodium magnesium, 
or aluminum a precipitate is formed. The reaction depends on the 
fact that, while metaphosphoric acid is soluble in absolute alcohol or 
ether, most of its salts are insoluble. The reagent may be prepared 
by shaking the powdered metaphosphoric acid with absolute alcohol, 
allowing the mixture to stand until clear, and pouring off the solution. 
It must be kept tightly stoppered. 

Calcium oleate is not infrequently added to, or formed in, mineral 
lubricating oils. (See Lubricating Greases.) 
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The products classed under this title are obtained chiefly from two 
sources, namely, the less volatile fluid portions of petroleum and the 
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less volatile fluid portions of the oil produced by the distillation of 
bituminous shale. In the case of petroleum the lubricating oil has not 
always undergone distillation, but is obtained from the residues by 
treatment with charcoal and other purifying agents. Such oils, often 
called “natural oils,” or “reduced oils,”’ are preferable as lubricants 
to those which have undergone distillation. 

The lubricating oil obtained from either American petroleum or 
shale has essentially the same chemical composition. It consists 
largely of the higher olefines, with, in the case of the shale product, 
small amounts of polymerised acetylenes, and possibly also terpenes. 
Small proportions of solid paraffines are often present in solution, 
but higher members of the series peculiar to Caucasian petroleum 
(p. 42) are probably present in large amount. 

Mineral lubricating oils range in colour from pale yellow through 
all shades of red, brown, green, and blue, to black. The better 
qualities have very little taste and no marked odour, either at the 
ordinary temperature or when heated and are more or less bright in 
colour. 

Mineral lubricating oils have sp. gr. ranging from 0.850 to 0.925, the 
most usual figures being between 0.880 and o.gto. An oil of sp. gr. 
0.940 has been prepared from Brazilian petroleum. ‘They are not 
optically active, but usually exhibit a strongly marked blue or green 
fluorescence, a characteristic in their detection. 

The fluorescence or ‘‘bloom”’ of mineral lubricating oil may some- 
times be destroyed by exposure to light, but more rapidly and certainly 
by subjecting it to a process of limited oxidation by treatment with 
nitric acid. Turmeric, a-nitronaphthalene, and picric acid also 
obscure the fluorescence. Dinitrotoluene is much used in the pro- 
portion of 4 pounds to the ton of oil. There are, however, varieties 
of mineral lubricating oil wholly non-fluorescent, and in which the 
property cannot be developed by any known treatment. 

Mineral lubricating oil is not acted on by alkali, a fact on which 
is founded the process of detecting and estimating it when mixed with 
fat oils. (See page to.) 

When treated with bromine, mineral lubricating oils absorb a pro- 
portion of bromine which is of some value in forming an opinion as to 
the origin and constitution of the oil. (See page 93.) 

An English patent has been granted for a mixture of soap, turpen- 
tine, and mineral oil of high b. p. It is claimed that by this means a 
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much larger proportion of paraffin oil can be added to soap than when 
turpentine is not used. 


EXAMINATION OF MINERAL LUBRICATING OILS. 


In determining the general character of hydrocarbon lubricating 
oils, as also their suitability for special purposes, the properties to be 
taken into account are the same as those which are important in the 
case of lubricating oils of animal or vegetable origin, but the following 
additional characters may be noted: 

Colour is of little importance except for the fine kinds of oil. For 
choosing the best engine and cylinder oils it plays a very important 
part as it aids one in determining the nature of the stock from which 
they are made. It is well nigh impossible to bring Russian or Texas 
“reduced” oils by any process of filtering or acid treatment to the clear 
bright reddish colour, easily obtained in oils made from certain 
varieties of Pennsylvania crude, such as Franklin or Tiona. A well- 
marked fluorescence is an ordinary characteristic of mineral oils, but 
is in no respect a test of quality. Turbidity may be due to water in 
suspension, in which case the oil usually froths on heating, or it may 
be caused by the presence of solid hydrocarbons which dissolve on 
warming the oil. Other solid matters may be separated by diluting 
the oil with ether or petroleum spirit, filtering, washing the residue with 
ether, drying it gently, and weighing. 

The odour should be very slight, even on warming. A marked odour 
indicates an imperfectly refined oil, or the presence of objectionable 
volatile compounds which will lower the flash-point of the oil and in- 
crease its waste in use. 

The sp. gr. may vary within wide limits. As arule, the greater the 
sp. gr. of an oil, the higher will be its flash-point and viscosity; but 
there are many exceptions. Lubricating oils from Russian petro- 
leum have a higher viscosity than the products of similar density from 
American petroleum and shale oil. In the case of oils completely 
fluid at the ordinary temperature, the sp. gr. may be determined by 
any of the usual methods. The density of the thicker and semi-solid 
oils is best ascertained by filling a sp. gr. bottle to the brim with the 
warm oil. When it has cooled to a temperature of 15.5°, the stop- 
per is inserted, and worked to and fro until it is forced home, the excess 
of oil gradually escaping through the perforation in the stopper, when 
the bottle may be wiped and weighed. 
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The Westphal balance is also much used for lubricating oils; another 
method is that of diluting alcohol until the oil neither sinks nor swims, 
and then determining the sp. gr. of the alcohol. For technical or 
refinery use, as with naphthas and kerosene, the hydrometer is chiefly 
used. 

Cold Test.—On exposure to cold the oil should assume the consis- 
tency of a jelly or ointment, and the temperature at which it under- 
goes this change should not be inconsistent with the conditions under 
which it is to be used. (See page 157 for methods of determining the 
cold test of lubricating oils.) The lubricating oil from Baku petroleum 
bears exposure to a very low temperature (—20° F. in some cases) 
without becoming solidified or even depositing any paraffin. This 
peculiarity may be employed to distinguish Russian from American 
products. 

The flash-point of a lubricating oil should be fairly high. A 
low flash-point indicates the presence of volatile constituents which 
will produce an odour, cause waste, and may possibly be dan- 
gerous. A high flash-point is often rigidly insisted on in the case of 
oils to be used in cotton mills or engine cylinders. The flashing-points 
of the pale Scotch oils from shale range from 130° to 180°, and of 
the darker oils and greases from 180° to 230°. These oils usually 
become viscous about 0°. The pale oils from American petroleum 
manufactured by the Thompson & Bedford Company flash from 
166° to 230°, the sp. gr. ranging from 0.885 to 0.920. The black 
oils flash at temperatures ranging from 180° to 204°, according as 
the m. p. varies from —10° to —1°. 

The same procedure is carried out for lubricating oils as for kero- 
sene, slight differences exist in the forms of apparatus used. They 
are made to withstand high temperatures. 

In general of 2 oils of about the same sp. gr., the one with the 
highest fire test is the better asit indicates more homogeneous stock 
and with substantially the same fire test the lighter oil is the better 
for the same reason. 

These tests are not only designed to indicate the relative losses 
sustained by different oils on being used at high temperatures, but 
taken with the sp. gr. they throw some light on the grade of crude from 
which the lubricating oils are made. 

The flash-point of lubricating oils is best observed by the Abel 
apparatus, but the water-bath must be removed and the interme- 
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diate air-bath filled with olive oil or melted paraffin wax. The appa- 
ratus is then heated on a sand-bath, and the flash-point of the oil 
observed in the usual way. The New York State tester is also used. 
Some operators use the open test. In fact, a porcelain crucible fixed 
in a sand-bath frequently serves the purpose of a tester very well, 
especially for cylinder oils. 

In Europe the Pensky and the Pensky-Martens instruments are 
most used for determining the flash test of lubricating oils. These 
are closed testers and modifications of the Abel apparatus. 

In the United States the open tester is almost universally used. 
The glass cup in which the oil is held is heated by radiation from a 
metal vessel into which the cup rests. . 

The Pensky high temperature instrument consists of a metallic 
oil cup, fitted with a stirrer, with a flexible handle and 2 ther- 
mometers, one with the bulb in the oil and the other inthe vapour. A 
small flame is passed over the opening in the top until a flash takes 
place. If the 2 thermometers do not indicate the same tempera- 
tures, the mean is taken. 

The Pensky-Martens Tester.—Redwood describes this apparatus 
as follows: The cover of the oil cup consists of 2, parts, viz., the 
portion joined to the rim, and an upper portion which revolves through 
a small arc. In each portion there are 3 orifices, the central one 
being twice the area of the 2 lateral ones. These orifices may be 
made to coincide or the openings may be completely closed, according 
to the relative positions of the 2 portions of thevcover. The lower 
part of the cover is fitted with a vertical rod serving as a support to a 
tube. This tube can be rotated upon the rod by turning the non- 
conducting milled head at the upper end, and the action compresses a 
spring. At the lower end the tube is provided with an arm, which, 
by the action of the spring, is held against a vertical stud. A pin pro- 
jecting downward from the arm engages with a slot in the revolving 
portion of the cover, and on turning the milled head the openings in 
the upper portion of the cover are brought over those in the lower 
portion. At the same time, a flange projecting from the edge of the 
revolving portion of the cover comes into contact with the oscillating 
test-jet, and this is depressed, so that at the same moment when the 
central openings coincide, the test-flame is brought to the orifice. On 
releasing the pressure requisite to turn the milled head, the openings 
in the cover are again closed by the action of the spring, and the test- 
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jet is brought back to the horizontal position by the weight at the 
opposite end. This weight is attached to a stem forming a screw- 
valve, by means of which the size of the test flame can be adjusted. 
' The gas is supplied through a lateral tube forming one of the supports 
on which the jet oscillates, the other support consists of a small stud. 
In the lower part of the cover of the cup there isa socket for a thermom- 
eter, and in the centre of the cover, there is a tube through which 
the stem of the stirrer passes. This stirrer is provided with a pair of 
arms working in the oil, and a smaller pair in the vapour-space about 
the oil. It is revolved by means of a flexible wire stem. The oil-cup 
is furnished with a pair of hooks for convenience inremoying it from 
the bath, when hot, by means of theforkedholdershown. The heating 
vessel consists of a cast-iron air-bath with an annular chamber exposed 
to the flame, and a brass jacket, which serves to check radiation. The 
jacket is separated from the iron casting by a considerable space at 
the sides and by a distance of a quarter of an inch at the top. The oil- 
cup rests upon the jacket, and therefore does not come into contact 
with the cast-iron. Beneath the bath there is a disc of wire gauze 
which is fitted to a swinging arm, so that it may be turned aside, and 
the flame of a Bunsen burner allowed to impinge upon the bath, when 
a high temperature is required. 

The temperature of the oil should rise at the rate of about 10° F. 
per minute. In employing this, or any other form of close-test instru- 
ment in the testing of lubricating oils, it is important that the samples 
should be free from water, as the presence of aqueous vapour in the 
upper part of the cup prevents the occurrence of the flash. 

If the cover of the oil cup be removed, the apparatus may be em- 
ployed as an open cup for determining the flashing- or igniting-point, 
a gas flame not more than 1/4 in. in diameter being used to produce 
the ignition. 

Residue on Ignition.—On ignition, a mineral lubricating oil should 
leave no inorganic residue, or merely an insignificant trace (less than 
0.05%). 

Miscellaneous Tests.—The oil should be agitated in a test-tube 
with an equal volume of boiling water, and the tube then kept in the 
water-oven until separation occurs. The formation of a granular 
white layer at the junction of the two liquids indicates the presence of 
resin. If the liquid assume a milky-white appearance, the oil has been 
insufficiently washed after the final treatment with soda. Alkali is 
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often purposely left in an oil with the view of increasing its “body” or 
viscosity. This is effected by blowing air through the imperfectly 
washed oil. As the moisture is got rid of, the oil takes up the soda, 
while remaining perfectly transparent. Such oil is very prone to 
oxidise, and becomes turbid on exposure to air from absorption of 
moisture. It is also liable to change in colour. If a mineral oil be 
boiled in a large excess of water for 3 or 4 hours, the oil will be practi- 
cally unaltered in colour if of first-rate quality. 

If the oil be agitated with an equal volume of sodium hydroxide solu- 
tion of 1.36 sp. gr., and the tube kept at about 55° until the liquids have 
separated, a precipitation of tarry matter indicates that the oil has 
previously been insufficiently treated with soda, and hence is liable to 
deteriorate in colour. A first-rate oil gives no trace of tarry matter 
when submitted to this test. The formation of'a white emulsion with 
the alkali is due to an admixture of some fatty oil, fatty acid, or resin. 
A diminution in the bulk of the oil indicates the presence of phenoloid 
substances, which may be estimated by a quantitative application of 
the test. 

Fatty oils may be detected and estimated with considerable accuracy 
by saponifying the oil and removing the mineral oil from the aqueous 
solution of the soap with ether. In the ordinary course of procedure, 
however, in very many cases troublesome emulsions are met with. The 
“Reviser” of this section has recently published a method, however, 
which obviates the difficulty (Jour. Ind. and Eng. Chem., 1909, I, 479). 

Saponify in a flask in the usual way with alcoholic potassium or sodium 
hydroxide or sodium or potassium alcoholate, and when the saponifica- 
tion is complete evaporate about half the alcohol unless the soap formed 
separates on cooling, in which case more alcohol should be added until it 
dissolves. If a short glass tube is used as air condenser, by the time the 
contents of the flask have boiled sufficiently about half the alcohol will 
have gone off. Add rather more than an equal volume of ether, and 
transfer by washing the contents of the flask into a separatory funnel. 
Now add water while slowly rotating the flask until after a separation 
of the layers no further turbidity occurs in the lower layer on adding 
more water. About 5 to 6 volumes of water are added in this way. 
Draw off the lower layer to another funnel and add more water and 
shake out with ether and separate, when both layers are clear. This 
extract may contain a little non-saponifiable oil and is added to the 
main body of the ether solution of non-saponifiable oil after the first 
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ether layer containing the bulk of the non-saponifiable oil has been 
washed 2 or 3 times with water to remove alcohol that was dissolved in 
the ether. 

After washing free of soap and alcohol, this ether extract with the 
second ether extract is evaporated in a tared flask and weighed. The 
reviser has carried out this procedure for several months on the classes 
of oils mentioned above and has never had one troublesome emulsion. 
In most all cases there was practically no waiting necessary, as the 
layers separated perfectly in a few minutes. It does not matter how 
much free alkali is present. 

Acid Tests.—When to c.c. mineral lubricating oil are shaken with 
4c.c. of sulphuric acid of 1.73 sp. gr. at 15.5° for 2 minutes, it will remain 
unchanged or acquire simply a yellow tint if of good quality, but if the 
sample be imperfectly refined, or if coal-tar oil be present, more or less 
browning will ensue. On treatment with concentrated sulphuric acid, 
in the manner described in Vol. 2, page 58, lubricating oils from 
shale and petroleum at first develop a trifling degree of heat (3° to 4°), 
though on continued stirring a very decided increase of temperature 
is sometimes observed. Rosin oil usually causes a rapid rise of 18° 
to 22°, and with coal-tar oil the action is still more marked. Fatty oils 
rarely give a less rise than 40°. 

If to c.c. of the oil be mixed with an equal measure of fuming nitric 
acid of 1.45 sp. gr., but little rise of temperature will occur with good 
mineral oil or shale lubricating oil, but great heat is produced by coal- 
tar oil. Rosin oil mixes quietly with the acid, and then suddenly 
evolves much heat. Methods for detecting adulteration with rosin oil 
are described under that head. 

Deblooming Agents.—As a general preliminary test, Holde (J. 
Soc. Chem. Ind., 1894, 13, 906) advises the following: The clear oil is 
boiled for from 1to 2 minutes in a test-tube with about 3 c.c. of con- 
centrated alcoholic solution of potassium hydroxide. Oils containing 
nitro-compounds become blood-red or violet-red, and on warming the 
upper part of the tube where there are adhering drops of the alkaline 
solution, just above the main bulk of the liquid, these drops become 
at once reddish-violet. Holde has never observed the latter reaction 
with any oils not containing nitro-derivatives, but some fatty oils will 
produce on long heating a yellowish-red or blood-red in the body 
of the liquid, although the usual colour is a merely brownish. 

For the detection of a-nitronaphthalene used as a deblooming 
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agent, N. Leonard (Chem. News, 68 (1893), 297) has devised the 
following method, depending upon the production of a-amidonaph- 
thalene, which has a characteristic disgusting odour, similar to that of 
a decayed tooth. 

A small quantity of the oil is gently warmed with zinc dust and 
dilute hydrochloric acid, and the mixture shaken from time to-time. 
If a-nitronaphthalene be present, the odour of the amido-derivative 
will be noted. When the reduction is complete, the acid water is with- 
drawn by a separatory funnel. A portion of this liquid, neutralised by 
ammonium hydroxide, will give, with ferric chloride, a blue precipitate, 
becoming purple. ‘The remainder of the solution may be rendered 
alkaline with sodium hydroxide and extracted with ether, the ether 
evaporated, the residue dissolved in a little alcohol, and to this solution 
a drop of a solution of sodium nitrite, acidified with acetic acid, is 
added. A yellow is produced, which is changed to crimson by hydro- 
chloric acid. 

Mineral oils are sometimes compounded with caoutchouc. For 
the detection of this, Holde (J. Soc. Chem. Ind., 1891, 10, 390) 
advises the following: Ascertain the solubility by shaking 1 volume 
of the oil with 2 volumes of alcohol, benzene, or ether; precipitate 
the caoutchouc by treating the oil with a mixture of 3 parts ether 
and 4 parts alcohol. The precipitate is filtered out, washed, dried, 
and weighed. 

The best test of a lubricating oil is a practical test in a machine 
journal. A number of machines have been constructed for this 
purpose. 

Thurston’s Tester.—This machine, the invention of Professor 
R. H. Thurston, of Cornell University, is widely known. The lubri- 
cant is placed on a journal, carried on the extremity of a shaft, 
sustained by journals, on a rigid stand. The driving is effected by 
means of a pulley to which a belt is connected. The shaft is driven 
at a speed corresponding with the work which the lubricant is to do, 
and has a counter at the end to indicate the number of revolutions. 
The journal, is grasped by bronze bearings, pressed together by a 
spring adjusted by a screw, and having its pressure indicated on a 
scale by a pointer. A thermometer indicates the heat produced during 
the test. The brasses and springs are carried by a weighted pendulum, 
so that the maximum friction of the dry smooth bearing will swing 
it into a horizontal position. The pendulum carries a pointer tra- 
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versing an arc which is so graduated that by dividing the reading by 
the pressure indicated by the pointer, the coefficient of friction, when 
the lubricant is placed on the bearing, may be found. 

The following methods for the examination of heavy mineral oil 
have been formulated by the Scottish Mineral Oil Association (J. 
Soc. Chem. Ind., 1891, 346): 

Flashing-point.—The oil cup and cover of the ordinary ‘‘Abel” 
flash-point apparatus is to be employed. The cup is filled with oil 
in the usual manner, and the rate of heating is to be such that at least 
15 minutes are taken in raising the temperature of the oil to 148. 8°. 

In the event, however, of a dispute arising as to the correct flashing 
point of a heavy mineral oil, the question is to be decided by means 
of the ‘‘Pensky-Martens” apparatus. 

Viscosity.x—The ‘‘Redwood” viscometer is that which is to be 
employed in the determination of the viscosity of mineral oils. Ordi- 
nary results are to be expressed—as the time, in seconds, which 50 c.c. 
of the oil take to flow through the orifice at a temperature of 21. 1°. 

Setting-point.—This is determined in the following manner: 
Into a test-tube having a diameter of about 1 1/4 in. the oil to be 
tested is added to the depth of about 2 in., the tube is then immersed 
in a freezing mixture, the oil being slowly stirred with a thermometer 
until it has cooled down considerably below the temperature at which 
solid paraffin first appears; the tube is then removed from the freezing 
mixture, the oil constantly stirred with the thermometer, and the point 
carefully watched at which the last trace of solid paraffin disappears. 
This operation is repeated with the same sample of oil, until 2 experi- 
ments give concordant results, the temperature so found being the 
setting-point. 

Special Characteristics of Lubricating Oils.—Holde (Untersuch. 
d. Mineraléle und Fette) divides lubricating oils into the following 
classes: 

1. Spindle oils for textile machinery, under very light pressure, so 
mobile oils are required. Engler degree’ at 20 =5-12, flash, Pensky 
160-200°. 

2. Ice machine—compressor oil-mobile. Engler degree at 20 =5-7. 
Cold test under —20° flash, Pensky 140°-180°. 

3. Light machine, motor and dynamo oil, moderately viscous. 
Engler degree 13-25, flash, Pensky 170-220°. 


4The Engler degree for water is about 6 ti i i i 
eee o times the viscosity of water in the Engler 
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4. Heavy machinery oils. Engler degree 25-45 (in special cases up 
to 60), flask, Pensky 190-220°. 

The foregoing oils viewed in a test-tube are coloured brownish-yellow 
to brownish-red, a few of the most expensive ones of groups 1-3 are 
almost colourless. C mpressor oils are often artificially coloured violet- 
red. The cheaper «ind of machine oils are opaque. 

5. Dark railrvad oils (summer oils). Engler degree at 20° 45-60, 
(winter oils) 25-45, flash, Pensky over 140°. Cold test (summer oils) 
under —5, winter under —20°). 

6. Cylinder oils—highest boiling distillation products of syrupy 
to salve-like consistency, which at room temperature or several degrees 
above zero become thick or solidify. Engler degree at 50°-23-45. 
Superheated steam cylinder oils often have Engler degrees of 50-60 
at 50°. 

If these oils are either distilled or filtered with fuller’s earth they are 
brownish-red and translucent, but if not distilled or filtered are green- 
ish-black and opaque. By reflected light the American oils are mostly 
grey-green, the Russian oils bluish. The flash-points are according 
to quality from 220 to 315°. ‘The better ones are over 260°. 

Inner Friction.—Viscosimeters do not give results that are any- 
thing more than comparative. The figures given are not in terms of 
any dynamic unit, such as those of cm., grm., second (c. g. s.) 
system. Ubbelohde and others have contributed toward this end, 
and the formula of Ubbelohde is given herewith. The absolute inner 
friction of the oil particles is measured by the force necessary to pass a 
layer of oil of 6 sq. cm. surface over a surface similar a distance of 1 cm. 
at a rate of 1 cm. per second. For water at 20° this value called fe 
iS 0,o10164. 

Ordinarily the specific viscosity of water is taken as 1 and oils com- 
pared therewith. 

The experimental determination of the exact specific viscosity is 
carried out with capillary tubes which give somewhat truer values 
than a.viscosimeter, such as the Engler. 


The formula of Ubbelohde is x=S. 7.317. fe. 
Where x is the desired specific viscosity. 


S is the sp. gr. of the oil at the temperature of the determination. 
fe is the figure of Engler degrees of the oil. 
As this formula is based on Engler’s degrees which are not much 
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used in the literature, reference usually being made to the viscosity of 
water at the same temperature and in the same instrument, the 
following is given: 

The formula for the calculation of the inner friction of an oil is 


up ra US 


E801. a.gal 


Se 
t 


pis the absolute inner friction, p the pressure in grm./sq. cm., x the 
radius of the outflow capillary, / its length in cm., v the volume flowing 
out in c.c., ¢ the time of flowing in seconds. 

Acidity in lubricating oils may be due to free acid from compounded 
animal oil, sulphonic acids, due to imperfect refining, and traces of 
sulphuric acid. 

Free mineral acid may be distinguished by the use of methyl-orange 
as an indicator, but it is not likely to be found in a commercial lubricating 
oil as it sometimes is in kerosene as the unsaturated compounds found 
in large quantities in many lubricating oils would be changed into 
sulphonic acids. (See page 160 for free acid tests.) 

Rosin oil is detected in mineral oils by a method of Allen, which con- 
sists in dissolving a few drops of the oil in question in 1 c.c. of carbon 
disulphide solution of stannic bromide containing an excess of bromine. 

According to Redwood, Prof. Finkener recommends the use of a 
mixture of 1 volume of chloroform and 10 volumes of alcohol of 0.818 
sp. gr. for separating rosin oil from mineral oils. 1o volumes of this 
mixture (at 23°) will dissolve 1 volume of rosin oil from admixture with 
mineral oils without taking up any appreciable quantity of mineral oil. 

A method for the quantitative estimation of rosin oil in mineral oils 
is given by P. C. M. Ilhiney (J. Amer. Chem. Soc., 1894, 16, 385-8) and 
based on the principle that the action of nitric acid on rosin oil converts 
it into a brittle red resin and does not act on petroleum hydrocarbons. 
This resin is not dissolved by petroleum ether, which removes petroleum 
products. The details of the method are as follows: 

50 c.c. of nitric acid (sp. gr. 1.2) is brought to boiling in a flask of 
700 c.c. capacity. The flame is then removed and about 5 grm. of 
oil (noting exact weight) is then dropped in. The flask is then heated 
for 15 or 20 minutes on the water-bath and then 4oo c.c. of water 
added. When cold the contents of the flask is treated with petroleum 
ether which dissolves all mineral oils and leaves the altered rosin oil.- 
The difference in weight between the mineral oil recovered and the oil 
taken, gives the amount of rosin oil in the sample. 
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LUBRICATING GREASES. 


The tests under this heading are according to Gillette (J. Ind. and 
Eng. Chem., 1909, I, 351). 

In the analysis of a grease, the following points may be covered: 

Consistency. 

M. p. 

Flash-point. 

Content of free acid. 

Amount and nature of soap. 

Ash, not alkali, from soap, nature and amount. 

Mineral filler, as graphite, talc, etc., nature and amount. 

Content of unsaponified, but saponifiable animal or vegetable fats 
or oils, nature and amount. 

Content of unsaponifiable mineral or hydrocarbon oil, nature and 
amount. 

Content of water. 

The methods used in the analysis of the grease are as follows: 

Note first the odour and colour. These may give clues of the prob- 
able composition, and will show if the grease is perfumed with nitro- 
benzol or any other similar substance. Note the behaviour on melting. 
The grease should melt to a clear homogeneous fluid. The oil should 
not melt away from the soap, since in such a case after being in the 
feed cup some time, the grease may change in composition the oil run- 
ning off the bearing and the soap staying behind. 

The m. p. is the most important single determination, as will be 
seen in the discussion of the friction tests. 

Ubbelohde: gives a method for greases melting below 100°. 
Gillette found the most satisfactory method to be the use of an open 
tube of o.4 cm. internal diameter, and about 8 cm. long. This is 
stuck into the grease so that a plug of grease 1 cm. long is left in the 
glass tube. The tube is then attached by a rubber band to a ther- 
mometer so that the plug is beside the bulb. The thermometer with 
the tube attached is then immersed into a beaker of water so that the 
bottom of the plug is 5 cm. below the surface. The water is then 
heated at the rate of 3 to 4° per minute. When the m. p. is reached, 
the plug, which is under a pressure of 5 cm. of water, slides upward in 
the tube. Checks can be obtained to 0.5°. 


1 Holde, ‘‘Untersuchung der Mineraléle und Fette,” Berlin, 1905, p. 209. 
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The effects of varying the different conditions of this test have been 
investigated by Gillette. 

The consistency at 20° was determined by a Legler consistom- 
eter which consists of a pointed glass rod, bearing a pan for weights, 
and supported by a spiral spring." 

The grease was maintained at 20° for about an hour, and the total 
weight determined which was required to sink the rod into the grease 
exactly 1 cm. The spring was of such strength that it took 20 grm. to 
depress the rod 1 cm. in air, and this 20 grm. was subtracted from the 
total weight required, to give the consistency number. This varied 
in different commercial greases from 200 grm. to 4 grm. Readings 
could be checked to within 5% of their value. The instrument gave 
a consistency number for the pasty mass consisting of 50% stearic and 
50% oleic acids, of 75-80 grm. All the weights must be on the pan 
before it is released, as the penetration is less if the weights are added 
while the rod is falling. The measurement of the consistency is a 
well-recognised part of the examination of a lubricating grease,’ 
yet it has no direct bearing on the lubricating power. Its value lies 
chiefly in showing what sort of grease cup should be used for that 
particular grease, whether gravity, compression, etc. 

The flash-point is taken in a 50 c.c. porcelain crucible filled with 
the grease, into. which is stuck a bulb of a thermometer. The crucible 
heated at 5° per minute on a sand-bath, and the flash determined 
by noting the temperature at which 3 mm. gas flame passed over the 
crucible at 2° intervals causes a flash to pass over the surface. The 
chief value of this determination is to give some idea of the grade of 
mineral oil used in compounding the grease. 

The content of free acid is obtained by dissolving or disintegrating, 
if not completely soluble, 2.82 grm. of the grease in a neutral mixture 
of alcohol and ether containing phenolphthalein. The grease is then 
titrated with N/to KOH to pinkness, each c.c. of alkali used equalling 
1% of free acid, calculated as oleic. Most commercial greases run 
almost neutral, 0.5% being high, though as high as 6% has been 
found. Greases that contain unsaponified palm oil are especially likely 
to show free acid. The importance of neutrality is very great, because 
of the corrosion of the bearings by free acid. 


1Chem. Ztg., 1884, 8, 1657; Chem. Cirbl., 188 Benedi i 
“Oils, Fats and Waxes,” 1895, Ed., p. ye. Leese oa ho) aan 


2 Benedict and Lewkowitsch, Loc. cit, Archbutt and Deeley, “Lubrication and Lubri- 
cants,’’ 2d Ed., p. 162. 
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The estimation of the soap content may be made in several 
ways. The bases may be thrown as oxalates from a turpentine- 
benzene-alcohol solution by oxalic acid, after the method of Conradson,' 
and the soap content figured from the amount of base found. The 
soaps may be determined by Holde’s method of decomposing the 
soaps by mineral acid, washing out the mineral acid, and titrating the 
fatty acids thus freed, and from the titration figuring the amount of 
soap. 

The simplest and shortest method, however, in practically every 
case, is to ash the grease, titrate the Na,CO,, K,CO,, or CaO in the 
ash with acid, and calculate the soap content from the titration, 1 c.c. 
of N/2 acid being equivalent to 


0.1612 grm. potassium stearate. 
©.1535 grm. sodium stearate. 
0.1520 grm. calcium stearate. 


If the Liebermann-Storch rosin test shows the soap to be partly 
rosin soap and rosin oil is absent, this will give low figures, owing to 
the higher combining weight of abietic than that of stearic or oleic 
acids. _ In such a case, if extreme accuracy is required, the fatty acids 
of the soaps may be freed, and rosin estimated by Twitchell’s method. 
Ordinarily this would not be required. 

In the case of greases made with sodium or potassium soaps, the 
soap may be directly determined after extraction in a Soxhlet of the 
unsaponified and unsaponifiable fats with ether, by extraction of the 
residue from the ether extraction, with alcohol. With lime soaps 
this fails, owing to the large solubility of calcium soap in all solvents 
for fats, as well as its insolubility in alcohol. It would greatly sim- 
plify the analysis of greases containing calcium soap if some solvent 
could be found that would extract fats and oils without extracting any 
of the lime soap, in the same way that ether may be used to separate 
the fats and oil from the soap in a soda soap grease. In attempting to 
make an ether extract of a lime soap grease, we have repeatedly found 
from 1/4 to 1/3 the total lime in the ether extract, owing to the 
solubility of calcium soap. 

Gasolene extracts nearly as much. Numerous experiments have 
been made with other solvents and mixtures of solvents, but no satis- 
factory one has been found. Ethyl acetate at room temperature dis- 


1 Jour. Amer. Chem. Soc., 26, 6, 705. 
Vot. III.—12 
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solves but little of the calcium soap, and the extract will give a fair 
qualitative idea of the nature of the oil used in compounding the 
grease. 

If the grease is made up with a lead soap, the lead may be deter- 
mined by decomposing the grease by boiling with a mixture of sul- 
phuric and nitric acids, after the Neumann acid ashing method, and 
weighing the lead sulphate. 

The nature of the base used in the soap may be determined by the 
usual methods, or more quickly and delicately by microchemical 
methods. A small amount is ignited on a porcelain crucible cover, 
the ash dissolved in dilute HCl and 3 drops of the solution put on a 
microscope slide. To the first drop is added a small drop of dilute 
H,SO,, and to the second a small drop of H,PtCls. The third 
is evaporated to dryness over a micro-burner, and a drop of 
concentrated solution of uranium acetate, slightly acidified with 
acetic acid, is added. The 3 drops are then examined under the 
microscope. The first will show the characteristic sheaf-like groups 
of gypsum crystals if lime is present, or the fine white granular plates 
and rhombs of PbSO, if lead is the base used. The second will show 
the yellow octahedra of K,PtCl, if potassium is present, while the 
third drop will show the tetrahedra of the double acetate of uranium 
and sodium, if we are dealing with a soda soap.* 

The amount of ash other than alkalies from the soap may be deter- 
mined by the difference between the total ash and the alkali found by 
titration. Greases contain from zero to sometimes 1% of adventi- 
tious dirt, iron and aluminum oxides, silica, etc. 

In the case of a grease containing graphite, talc, etc., the mineral 
filler may be estimated directly after extraction with ether and then 
with alcohol, if we are dealing with an alkali soap, or in any case, 
by weighing the ash insoluble in acid. In the case of graphite, care 
should be taken to ash to a low temperature to minimise the oxidation 
of the graphite. 

The unsaponified saponifiable matter, in the case of a grease made 
with an alkali soap, is best determined by saponification of the ether 
extract with alcoholic potash. The nature of the saponifiable may 
be found by evaporating off the alcohol after saponification, extrac- 
tion of the unsaponifiable with ether, freeing the fatty acids from the 


1For a full description of these extremel i i i ic 
x é y delicate and rapid microchemical methods 
which are so valuable but so little known, see Behrens, Microchemische Analyse, or a series 


of articles by Chamot in Jour. App. M icroscopy, Vols. 3, 4. 
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soap left behind, and taking the m. p., iodine number, and refractive 
index of the fatty acids, and thus identifying the fat from which the 
acids come. ‘This is simple if only a single fat was used, but less so 
in a mixture. In most cases where a grease contains unsaponified 
saponifiable matter, it has been made by a partial saponification of 
the fat in question, and so the original grease may be saponified directly 
and the total fatty acids examined. 

In a calcium soap grease, the soap may be decomposed by heating 
with a little dilute HCl, washing, saponifying the freed fatty acids 
with alcoholic soda, evaporating the alcohol and extracting the mix- 
ture of soda soap and unsaponifiable, which is now in the condition of a 
grease originally made with soda soap, with ether. This gives us the 
unsaponifiable, and we may proceed with the examination of the fatty 
acids in the soap as above. The unsaponifiable ether extract will 
consist of mineral or hydrocarbon oil, and the sp. gr., flash-point, and 
refractive index will show us the nature of the mineral stock. In a 
rosin-oil grease we may treat the mixture of rosin oil and mineral oil 
by any of the usual methods for quantitative separation or estimation, 
none of which, however, are very satisfactory. 

The estimation of water in lubricating greases is usually made either 
by the delightfully simple method of “determination by difference”’ 
or by drying down to constant weight. Archbutt and Deeley advocate 
drying at 105° to 110° until frothing ceases. Wright? drys at 105° till 
the weight is approximately constant at half-hour intervals of weighing. 
Hurst3 drys at 220° F. to constant weight. Conradson‘ takes moisture 
by difference, but recognised the fact that some oil is volatile at 100°. 
Holdes says: ‘‘The old method of mixing a weighed portion with alco- 
hol, heating till no more bubbles appear, cooling and weighing, only 
gives useful results in the absence of light volatile oils. More gener- 
ally is the application of the Marcusson xylol method.” By this 
method 6 greases gave from 1 to 6.3% water, the difference between 
checks on the same grease being 0 to 0.2%. By other methods the 
water content came from 0.5 to 2.2% too high.” 


1“ Lubrication and Lubricants,’ p. 306. 

2** Analysis of Oils and Allied Substances,”’ p. 104. 

3‘ Lubricating Oils, Fats and Greases,” p. 281. 

4 Jour. Amer, Chem. Soc., 26, 6, 705, June, 1904. 

5“* Untersuchung der Mineraléle und Fette,”’ 2d Ed., p. 213. 7 

8 J. Marcusson, 1904. ‘‘ Bestimmung des Wasser- und Saurengehaltes von Schmier- 
fetten,”’ Mit. K. Materialspriifungsamt, 24, 48; “ Von die Bestimmung des Wassergehaltes 
von Oelen, Fetten, Seifen, Harzen, u.s.w.,”’ Mitt. K. Mater., 23, 58. See also Hoffman, Z 
angew. Chem., 21, 2095; Chem. Abstr., 3, 2, 158 (Jan. 20, 1909). See page 14x for descrip- 
tion of method of distillation with naphtha. 
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Attention was first drawn to this by a series of greases rather 
high in water and content which were dried in the water-oven to an 
apparent constancy of weight, but lacked several per cent. of adding up 
to 100. On investigation it was decided that the water estimation 
was the weak point, and determinations were made by the xylol 
method, when the analyses added up well. Further work showed that 
though in this case the moisture estimations by drying were too low, 
in general drying to constant weight gives high results, as claimed by 
Holde. 

To estimate the moisture in a lubricating grease, then, we first 
test it with anhydrous CuSO, if the grease is sufficiently light in colour. 
If water is present, or in the case of a dark grease, 10 grm. are weighed 
out on a balanced filter-paper, put the grease and paper in a 300 C.c. 
Erlenmeyer flask and cover with xylol. The xylol should be distilled 
from water and separated out from the water after clearing in a separa- 
tory funnel. The flask, connected with a dry condenser, is heated in a 
bath of cylinder oil, and the xylol and water slowly distilled off till the 
xylol comes over’clear. The bulk of the water comes over with the 
first 10 c.c. of distillate. The distillate may be caught in a burette 
filled with water up to the lowest graduation, best with a few drops of 
xylol added to give the same meniscus as we will read, or in a receiver 
made like a funnel, with a graduated stem closed at the bottom, ac- 
cording to the method of Dean,* and allowed to stand overnight, 
or until all milkiness had disappeared. A still better and more rapid 
method we find to be to catch the distillate in centrifuge tubes such as 
are used in urine analysis. The fine graduations allow of very ac- 
curate reading. Bulbs holding about 50 c.c. are blown on the tops of 
these tubes, and the modified tubes containing the xylol-water mixture 
whirled in a larger centrifuge than the one they were designed for. 
This obviates the necessity of waiting for the xylol to clear up. A 
complete moisture determination may be made in 45 minutes. 

Absolute accuracy in the determination of water in the technical 
examination of lubricating greases is doubtless not important, though 
Holde has recently shown? the great influence exerted by even 1% of 
water on the drop point and the emulsified condition of lime-soap 
greases. Everyone who has driven off the water from a lime-soap 


er a “The Estimation of Moisture in Creosote Wood.” Forest Service Circular 
i +» 1906. 
*Holde, “The Physical Condition of Solid Fats, and of Solutions of Calcium Soaps in 


Oil.” Petroleum, 4, (1), 14, Oct. 7, eA ae ; 
oe te ant 4, Oct. 7, 1908; Z. angew. Chem., 31, 2138-44 (1908); Chem., 
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grease containing a few hundredths of a per cent. of water has noticed 
the change from a buttery opaque mass to a gelatinous translucent one. 
Although not particularly important in the case of greases, the fact that 
the xylol method gives more accurate results than that of drying down 
is of importance in the analysis of other commercial products contain- 


ing water. 


13 commercial greases were analysed according to the methods 
given above, with the following results: 


“WAR Lex. 
| 
: \Per cent.| 
Flash- Consistency, ° : Per cent. other 
No. Name point ° erm., 20° | M.D. calcium | ~ “thickeners 
soap 

I Graphite ....... 195 18 93 II 16% graphite. 

2 Summer motor.. 160 170 87 395 Fie ee 

3 Winter motor... I75 4 86 Pk Ween armies ce cake 

4 1G SG eee eee 193 24 85 x6... (LS e a eeratoterene 

5 IRM rrr on soir I95 66 93 ZO* © “i Noecacatansraereete 

6 AUG) aaeinciinte' sd I90 eh | 79 19 Liescane Secrets 

4 Mallow: :A\. cs. 5 210 150 (esti- Sigh ceils ene | 3.4 potash 

mated) | soap. 

8 PI ULOW nore ses 215 200 A900 We Eitaetecs 2.1% potash 

soap. 
30% para- 
ffin. 

9 Lead rosin oil... 240 7 TOae a Pecan ates 1.75% lead. 
Io Lime rosin oil... 198 31 Weeds Lisl toushazcvs be 9.9% CaO. 
II Lime rosin oil... 198 4 | Ea tla ¢arcseiets 7.87% CaO 

22% sodium 
I2 Soda grease..... 215 35 Bz Weer soap. 
I3 Non-fluid oil... . 210 27 76 9.8 12.9% so- 
dium soap. 
14 No. 4 petrolatum 247 6 BI wall. chitaunes dl) usce store steateeeare 
cas Hearduoila-its ek < 265 ° Ch RPE ete eecataeie alors 
TABLE X.—Continued. 
Percent. | Percent. | Percent. 
No. Name . Per cent. saponifiable| acids as mineral 
C oil oleic oil 

7 Gree HIG carers ai cny ore aslo oy echiousisl «ots Trace 17 ° 5Onue 

2 UUMIIEL IMOVOL. aess sors) cc wie <i sis sis 0.05 25 Trace 36.5 

3 WWEDCER MOLOL Cs nerd cisieiys. sisi guess 0.03 372 6.1 40 

4 USS 2 enc eISIS ESIC RRA oe oe 0.2 16 ° 67 

5 NSE IRE ea cee otra, ets fou olcrates <tepnen sere 0.3 20 0.3 60 

6 ENTIOG eycrechs CRC ACEO RR RCIA Bae: 20 Trace 60 

” AO warAcretamevete ta torects ies ais terse 6 25 73.58 ° 22 

8 (allows ewas wveidneieice eos le wlio Trace 48 ° 20 

9 FCA GUETOSIIN, ee aruaneieasns:tusis sie) c1.0hs 24.7 ° OP Ales n eects 
Io JBskeora wh SoG bole SSRN ceil a PNO NORE REIORG Trace ° Oo PR ecaceata ates 
II LAV) gee wou © OO DARN eDO DOG 20.0 ° OPTS We teveracynceee 
I2 WOCRESTCASOs <r lelsievenecs(e cele sie 0.0 ° ° 788 
13 IN@natid Mot ee tie cieiecieia eles ° y, ° 70.3 
I4 INOataapetrolavttiiic cas slec sce = ° ° ° I0o 
15 ALTO AN erties saya) Sileceie wlohe sai ° TOO) ae eee ie ° 


1 Scented with nitrobenzol. 
2 Chiefly palm oil, 
3 Oil of 24.2° Be. 
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TABLE X.—Continued, 


| 
Maximum tem- = 

perature of | Coefficient of er pest) 

No. Name bearing above | friction at end |, ge through- 

soars tempera- of 3-hour run out 3-hour run 
I Graphite ono cee eel 53 ©.108 0.097 
2 Summer Motor... 0 v2.20 eee = | 39 0.075 0.075 
3 iWanter MOLOLescssereg aise nell 42 | 0.063 0.063 
4 ee Seinen. | 38 ©.054 0.057 
5 oP 2a and ch tare aton sere efit | 39 0.050 0.054 
6 RAGS Peer cievs oe ttant ie acoah hee tess 32 0.046 0.046 
Gh Mallow. tAvercunsoa is sere scstans 30% on 22 0.012 0.022 
8 Deal rwyigNoNce ayes oseievaraccuererecsierere tel 25 °.018 0.029 
9 Lead rosin... 40 ©.050 0.067 
Io Lime rosin... 42 0.017 0.048 
II ithe TOSI. ae tre arse a) revs aoe 29 0.025 0.036 
12 Soda Rrease, cc crew ceicise ee ae 17 0.016 0.019 
13 Nansieid Gil... 5) ci aie ees | 25 0.016 0.026 
14 Nowa petrolatum.... cco. 5. = | 16 0.018 0.018 
15 MH PONG <6 share ehra ewe ONL 7 0.010 ©.o1II 


Friction tests were then made on these and on a petrolatum 
(Standard Oil, No. 4) and on a pure lard oil, as standards of 
reference. 

The testing machine was a small Thurston, fitted with a compres- 
sion grease cup, through which the grease was allowed to feed freely. 
The temperature was taken by a thermometer sunk in a small well, 
filled with oil in the upper brass. The Fahrenheit thermometer sup-— 
plied with the instrument was not sufficiently delicate, and was re- 
placed.by a small centigrade one. The temperature of the bearing and 
the arc at which the pendulum stood, from which the coefficient of 
friction is figured, were noted at intervals of 1 minute for the first hour,, 
and at every 5 or 10 minutes thereafter. The temperature of the room 
was taken periodically, and the r.p.m. noted. 

The total pressure on the bearing in all cases was 240 pounds, equiva- 
lent to 60 pounds per square in. projected on the bearing. This. 
was the highest pressure that could be obtained with the machine. 
It is probable that with a higher pressure the differences between the 
greases would be still more marked. 

The speed was kept constant at 310-320 r.p.m. by a shunt-wound 
motor. 

The general behaviour of a grease during the run was as follows: 
At first the coefficient of friction would be high, and the temperature 
would rise rapidly. In the case of a hard grease, as a rule, this would 
continue until the thermometer showed some certain temperature, 
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« 
nearly up to the m. p. of the grease. The surface of the bearing 
probably did reach that temperature, although the thermometer did 
not register quite that temperature, as there was some chance for 
radiation. 

After the grease had apparently melted, and the bearing was then 
in the state of an oil-lubricated bearing, the coefficient of friction 
would momentarily fall off, sometimes to a very low figure, and the 
temperature would drop rapidly. Then the grease would seem to 
stiffen again, and the coefficient and temperature would immediately 
rise. The graphite grease shows this behaviour to the greatest 
extent. This would go on for perhaps an hour, when a condition of 
equilibrium would be established, and a fairly constant reading would 
be attained. Many of these momentary fluctuations are smoothed out 
of the curves by taking averages of 5- or 10-minute periods and plot- 
ting these. 

There is no direct proportionality between the results of the determi- 
nation of any one analytical constant and the lubricating power, 
though there seems to be an approximate relation between the m. p. 
and the friction reducing power, as would be expected. 

The relation, however, is not close enough to allow us to predict 
the lubricating value from the m. p. without taking the chemical com- 
- position and the physical constants into consideration. 

The graphite grease showed an unexpectedly low lubricating power, 
and would be best fitted for a gear grease. The rosin oil greases, 
which are usually considered to be very poor lubricants, showed high 
friction at first, but after the bearing had warmed up enough to soften 
them somewhat, they compared well with the more expensive greases. 
The high moisture content of most of these greases would seem to be 
no drawback, but rather dn advantage in rendering them less sticky. 


VASELINE. 


Petroleum Jelly. Petrolatum. 


Vaseline consists of those portions of petroleum which are semi- 
solid or pasty at ordinary temperatures. It is taken from petroleum 
or ozokerite stills after the greater part of the oil has volatilised. The 
crystallisable paraffin is more or less removed, and the residue purified 
without distillation, treatment with sulphuric acid and superheated 
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steam and filtration through animal charcoal being the usual methods 
employed. An English patent was taken out in 1847 by C. B- 
Mansfield for a process for deodourising or decolourising petroleum 
sediment by means of animal charcoal. 

Vaseline is now extensively used as a lubricant and to protect iron 
and steel goods from rust. It has been much used as a valuable basis 
for ointments. It varies somewhat in its physical characters according 
to its origin and quality. It is ordinarily a colourless or pale yellow, 
translucent, fluorescent semi-solid. The commoner kinds used for 
lubricating have a dark greenish or brownish colour. It is free from 
taste and smell. Under the microscope crystals are sometimes visible 
which become more numerous on cooling. 

The commercial varieties may be classed under 2 heads: (1) those 
which, like the products from American petroleum, are obtained as a 
ready-formed mixture of hydrocarbons of gelatinous consistence; 
and (2) those made by directly mixing solid paraffin of low m. p. 
with heavy lubricating oil. The latter kind are less homogeneous 
and are liable to deposit crystals of paraffin on keeping, and hence 
are not so suited for the preparation of ointments as the American 
article. 

Vaseline usually melts between 4o° and 50°. At the b. p. 
of water, compared with water at 15.5°, the sp. gr. of vaseline 
ranges between 0.803 and 0.855, figures which present a striking 
contrast to those representing the sp. gr. of paraffin and ozokerite 
under the same circumstances (0.748 to 0.757). It is insoluble in 
water. Cold alcohol of 98% dissolves a small amount; in hot alcohol 
it dissolves freely to a clear solution, from which it separates in flakes 
on cooling. 

Vaseline consists chiefly of paraffins, the iso-forms from C,H,, 
to C,.0H,, being apparently most abundant. A notable proportion 
of olefines is also present. 

The following figures show the sp. gr. and bromine absorption 
of samples of vaseline and allied products examined in Allen’s 
laboratory. The density determinations at 99° were made with a 
plummet and Westphal balance, and the bromine absorptions as 
in Vol. 2, page 26. 
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Sp. gr. Bromine absorption 
Description Wales | iti 

| Solid; at | Melted; at Br. as 

SiS a 99° | Total _ | “apr 
Saw Bes : ere iy aie 
White pomade vaseline (Chesebrough Co.) 0.856 0.8036 ET 33 } 1.8 
Yellow vaseline (maker unknown)........, 0.870 0.8140 Let | 0.0 
Yellow vaseline (maker unknown)........ | 0.873 0.8172 4.2 | ee 
White pomade ozokerine (J. C. & J. Field)| ........ o.8110 Soe | 0.3 
Yellow pomade ozokerine (J.C. & J. Field), 0.909 0.8547 Soc I.2 
Wihiteicerasin mixture... stoic. oc et see Wecierote atyets 0.8228 re7 0.3 
Petroleum jelly (Grindley & Co.)......... | 0.896 0.8421 AOR a 0.7 
Maseline: tallowitn tices spats aA ais-aie. cisco ra anevsiges 0.884 0.8374 I0.2 I.7 
Petrounancbingnamtom Oil Co): ...cncrocals ener 0.8145 7.9 reg 


In warm ether American vaseline dissolves freely to a clear solution 
exhibiting a strong blue fluorescence, and the liquid remains clear or 
becomes at most only slightly turbid on cooling. German vaseline, 
on the contrary, is said to form a thick solution and give a considerable 
deposit on cooling. Russian vaseline is stated to dissolve completely 
in warm ether, and give a clear solution which becomes turbid on 
cooling. 

Vaseline is readily soluble in chloroform, benzene, carbon disul- 
phide, and turpentine. From these and its ethereal solution alcohol 
precipitates it. Vaseline is miscible in all proportions with fixed and 
volatile oils. With glycerol it forms an intimate mixture which sepa- 
rates into its constituents when warmed, the melted vaseline floating 
on the glycerol. Treatment with water also removes the glycerol. 

Vaseline is neutral in reaction, and but little affected by chemical 
reagents. It is not saponified or otherwise acted on by alkalies, and 
is unaffected by hydrochloric or dilute nitric acid. Boiling sulphuric 
acid of 1.60 and boiling nitric acid of 1.18 sp. gr. are said not to alter 
it; but fuming nitric acid colours it yellowish-red and sulphuric acid 
of 1.820 sp. gr. greyish-black, the acid itself acquiring a yellowish- 
brown colour. Some samples blacken on treatment with cold concen- 
trated sulphuric acid, a reaction which indicates the presence of bodies 
other than paraffins. It does not oxidise or turn rancid on exposure 
to air. Vaseline intended for pharmaceutic use should be refined 
with the aid of acid. 

Good vaseline should be completely volatile when heated in plati- 
num, without giving any smell of burning fat (acrolein) or rosin. 
When agitated with twice its measure of strong alcohol it should re- 
main practically undissolved. The spirit should not acquire an acid 
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or alkaline reaction, and should not give any noticeable precipitate 
on dilution with water. When agitated with cold cencentrated sul- 
phuric acid diluted with 1/9 of its weight of water, vaseline gives no 
marked increase of temperature, and ought not to become very strongly 
coloured. When subjected to the saponification process employed 
for the determination of hydrocarbons in fixed oils, vaseline should 
yield to the ether an amount of unsaponifiable matter almost equal 
to the original weight of vaseline used for the experiment; while, on the 
other hand, the aqueous liquid separated from the ethereal layer 
should yield no notable precipitate on being acidified. 

The United States Pharmacopceia has introduced, under the titles 
‘“‘Petrolatum” and “Petrolatum Liquidum,” preparations equivalent 
to vaseline. They are defined as follows in the current (1900) issue: 


PETROLATUM. 


A mixture of hydrocarbons, chiefly of the methane series, obtained 
by distilling off the lighter and more volatile portions from petroleum, 
and purifying the residue. 

An unctuous mass of about the consistence of an ointment, varying 
in colour from yellowish to light amber, having not more than a slight 
fluorescence, even after being melted, transparent in thin layers, com- 
pletely amorphous; without odour or taste, but giving off, when heated, 
a faint petroleum-like odour. 

If a portion of petrolatum be liquefied and brought to a temperature 
of 60° (140° F.), it should have a sp. gr. of from 0.820 to 0.850. 

Petrolatum is insoluble in water; scarcely soluble in cold-or hot 
alcohol or in cold absolute alcohol, but soluble in boiling absolute 
alcohol, and readily soluble in ether, chloroform, carbon bisulphide, 
oil of turpentine, petroleum benzin, benzene, and fixed or volatile oils. 

The m. p. of petrolatum ranges between 45° and 48° (113° and 
118.4° F.). If heated on a platinum foil to a still higher temperature, 
petrolatum should be completely volatilised without emitting any acrid 
odour. 

If melted petrolatum be well shaken with water the latter should not 
redden blue litmus-paper. 

If ro grm. of petrolatum be digested at 100° (212° F.) for half an hour 
with ro grm. of sodium hydroxide and 50 c.c. of water, the aqueous 
layer separated and supersaturated with sulphuric acid, no oily or solid 
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substance should separate (absence of fixed oils or fats of animal or 
vegetable origin and of rosin). 

If 2 volumes of concentrated sulphuric acid be added to 1 volume of 
melted petrolatum in a test-tube placed in hot water, and the contents 
occasionally agitated during 15 minutes, the acid while acquiring a 
dark brown tint should not lose its transparency (limit of readily car- 
bonisable organic impurities). 


PETROLATUM LIQUIDUM. 
Liquid Petrolatum. 


A mixture of hydrocarbons, chiefly of the methane series, obtained 
by distilling off most of the lighter and more volatile portions from 
petroleum, and purifying the liquid residue. 

A colourless or very slightly yellowish, oily, transparent liquid, 
without odour or taste, but giving off, when heated, a faint odour of 
petroleum. 

Sp. gr. about 0.870 to 0.940 at 25° (77° F.). 

If a test-tube be half-filled with liquid petrolatum and a piece of 
moistened blue litmus-paper be introduced, upon shaking the liquid 
vigorously the paper should not be reddened (absence of acid 
impurities). 

In other respects liquid petrolatum has the characteristics of, and 
should respond to the tests given under, Petrolatum. 

The British Pharmacopeeia (1905) recognizes ‘‘Paraffinum molle’” 
and “Paraffnum liquidum.”’ The former should melt at from 35.5° 
to 38.9°, have at its m. p.a sp. gr. of from 0.840 to 0.870, give off no un- 
pleasant odour when heated to 48.9°, and be freely soluble in ether, 
chloroform, and benzene. The latter should boil at not below 360° 
and have a sp. gr. of from 0.885 to 0.890. 

The German Pharmacopeeia recognises ‘‘Paraffinum liquidum’’ 
and “‘Paraffinum solidum.”” The former should have a sp. gr. not less. 
than 0.880 and should boil above 360°. The latter should melt at 
from 74° to 80°. 

Mixtures of the intermediate members of the petroleum deriva- 
tives of such composition as to remain liquid at common tempera- 
tures and practically free from odour are now familiar commercial 
articles. One of these preparations is commercially known as “‘gly- 
coline.”” Among the uses which may be made of it in the laboratory 
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is the preservation of specimens of sodium and potassium, which keep 
bright much longer in this liquid than in ordinary kerosene. 

‘‘Qzokerine,” “‘fossiline,” ‘“chrysine,” ‘“cosmoline,” “saxolene,” 
‘“seoline,” “petrolina,” ‘vaseline tallow,” etc., are trade-names of 
articles of the vaseline class. 


PARAFFIN. 
‘Paraffin Wax. Solid Paraffin. 


Paraffin is found native in the coal measures and other bitumi- 
nous strata, constituting the minerals known as fossil wax, hatch- 
ettin, ozokerite, etc. It exists also in solution in many kinds of pe- 
troleum, and is obtainable therefrom by distilling off the more volatile 
portions and exposing the remainder to a low temperature. Solid 
paraffin may be obtained in a similar manner from the tars of wood, 
cannel coal, and bituminous shale, and is now manufactured on an 
enormous scale from the last source. (See page 18.) 

Paraffin is a white or bluish-white, waxy solid, without taste or smell. 
Its density and m. p. vary with its composition, and the same is true of 
its b. p., which is very high. Exposure to continued heat, aided by 
pressure, resolves paraffin into liquid hydrocarbons, and the same 
result is partially obtained by distillation. By merely raising the 
temperature to 370° it undergoes decomposition, with separation of 
carbon and formation of permanent gas, liquid products, and a paraffin 
of lower m. p. It contains about 85% of carbon and 15% of hydrogen. 

The sp. gr. of paraffin increases with its m. p., as is shown by the 
following results attained by Galletly from Boghead coal product: 


Sp. gr. M. p. 


0.8236 Ban One. 89.6° F. 
0.8480 BO.0- Cs HO? 2c .bis 
0.8520 40.5°C: ro4..9° F. 
©.go90 r5343°C; Te8O-ebe 
©.QIIO TRO 35 Gs 128.0° F, 
0.9243 50.0° GC. 130.42 Pe 
0.9248 SO nOmee 138.2° F, 
©.9400 80.0° C. T7On Ome 


G. Beilby (J. Chem. Soc., 43, 388) has given the following data 


respecting the sp. gr. of a sample of shale-oil paraffin melting at 38°. 
1 These temperatures are correctly quoted. 
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» Sp. gr 
inigthemsolicdistatey at, 21s. nye aaa mes Meier erie e » ee iehaich te eae 0.8740 
Dissolve dingorsss, paratin! Oil mateo Losec ser eenieer ue. oe oe: 0.7950 
dnvthesmelted=state. (calculated tolarc))meeme antec tee cee are | 0.7956 


From this it appears that paraffin in solution has practically the 
same density as when in the molten state. This result is compara- 
ble with one obtained by the author, who found that spirit of cam- 
phor has a volume equal to the sum of the volumes of the camphor 
and alcohol used in preparing it. 

The data in the following table, obtained in Allen’s labora- 
tory, show the relations between the solidifying-point of paraffin wax 
and its density in the solid and liquid state. The determinations of 
sp. gr. of solid samples were in most cases made as described in Vol. 2, 
page 46, but, on repetition, the figures obtained were not very con- 
cordant. The density at 99° was determined by the plummet (Vol. 2, 
page 46), and the solidifying-point was ascertained by method d 


(Vol. 2, page 51). 


Sp. gr. 

—| Solidifying- 

Origin of sample | | Cobia 
| Solid, at | Liquid, at | 

“aLeoy | 99° 

PRS aletOllmer mn Peres, ats eat eche stare SMa | 0.8666 | 0.7481 | 44.0 
POROUS LO I eyes seynets te: spails Seago sia ny cleie uel oie et 0.8961 | 0.7494 | 47.0 
Remo Halolite regent spitre isis vid ate ckols vin pina Q20000, |) O17 527 0) 52.0 
fe, Saka Cnlee res ooltic cera dle ae h ncaa aan 0.911 | 0.7572 | 58.5 
s. American petroleum.............-...4- | 0.9083 | 0.7535 53.8 
Gy OO ocostin ocean an 5 6 enon mcodian acl ane Coe iee | 0.7531 61.5 
Gj, Tah eYeRovoyal NAVD, ha. 5. ene ae lg sco Gok 66 ec On Goer mil On75 7am 49.0 


From these figures it appears that, except in the case of the refined 
ozokerite, there is a regular increase in the sp. gr. with a rise in the 
m. p., as was observed by Galletly. There is a striking contrast between 
the densities of the waxes in the molten state at 99° and the densities of 
- the same samples when solid, the range in the latter case being, for the 
shale products, 5 times as great as in the former. In other words, 
the density of paraffin wax is far more constant when melted than in 
the solid state. It also appears that paraffin is much less dense in the 
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melted state than the oil from which it crystallises on cooling, a sample 
of which had a sp. gr. of 0.843 at 99°. Vaseline also is considerably 
denser than paraffin. 

Paraffin melting from 32° to 43° exhibits a well-defined crystalline 
fracture; from 43° to 50° the crystals become much smaller and less 
marked, and from 50° upward the fracture is very close and fine in the 
grain. Paraffin that melts at 65° presents, on fracture, brilliant, white, 
acicular crystals having a silky lustre, and that melting at 77° closely 
resembles bleached beeswax, but the fracture is not conchoidal. 

When paraffin is kept for some time under gentle pressure, the 
temperature being somewhat below its m. p., a molecular change occurs 
and the substance becomes transparent. A sudden change of tem- 
perature or a sharp blow or knock causes the mass to return to its 
original state, but it may be annealed by slow cooling. 

Paraffin becomes plastic at a temperature considerably below its 
m. p., a fact which is disadvantageous when it is employed for mak- 
ing candles, but which is to a great extent obviated by a small admixture 
of stearic acid, wax, or other foreign body. 

Mixtures of paraffins of different fusing-points melt at a temper- 
ature which is the mean of the m. p. of the constituent hydrocarbons; 
but the products obtained by melting together paraffin wax and 
stearic or palmitic acid, beeswax, etc., always have a m. p. lower than 
the mean of those of their constituents. This is well shown by the 
following table from Vincent’s Manufacturing Chemistry, the results 
recorded being obtained from mixtures of the Musselburgh Company’s 
stearic acid, melting at 130° F., with various proportions of 3 
varieties of Young’s paraffin: 


M. p. of mixture. 
Paraffin melting at 
Stearic acid Paraffin 
48 .8° 52.2° egy 
55 45 45-5 45-3 46.4 
60 40 48.3 46.6 47-7 
65 35 49.4 47-7 48.8 
7° 3° 50-3 5°-3 59.3 
75 25 51.4 Geter Stet 
80 20 52.9 52.0 52.0 
85 rs 52.2 Gary 52.7 
ie ae 53 53-3 54-1 
95 5 53-6 53-8 Yau 
a ee ee Aes 
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When 2 pieces of paraffin are sharply struck together, a metallic ring 
is heard, the sound being sharper the higher the m. p. of the paraftin. 

Paraffin is completely insoluble both in hot and cold water. It 
is insoluble in rectified spirit, and but sparingly soluble-in boiling 
absolute alcohol, the dissolved portion’ separating again on cooling. 
It is moderately soluble in petroleum spirit, shale naphtha, kerosene, 
ether and benzene, essential oils, and fixed oils. It is rather more 
soluble in toluene than benzene, and in xylene than in toluene. Hence 
it is miscible with all kinds of vegetable and animal oils and fats. It 
differs from these in its indifference to alkalies, and cannot be saponi- 
fied. If, however, the soap be made from a mixture containing car- 
nauba wax as well as paraffin, the latter is completely dissolved by the 
alkali, a fact which is said to be attributable to its solubility in the 
myricyl alcohol, C;.H»6,OH, which is a constituent of the carnauba wax. 

Paraffin burns with a very bright but not smoky flame, and hence 
is much employed for making candles and tapers. Paraffin candles 
usually contain from 5 to 15% of stearic acid. The presence of the 
admixture may be detected by adding a little powdered fuchsine to the 
sample and keeping it at 100° for some time. If pure, the melted 
paraffin will remain uncoloured, but with 2% of stearic acid a pink 
colour is produced, and if as much as 5% be present, the whole mass 
becomes crimson. Coloured candles are made by dissolving the 
fuschsine or other colouring matter in stearic acid or beeswax, and 
adding the product to the paraffin until the desired tint is obtained. 

Boiled with concentrated nitric acid, paraffin is oxidised, with forma- 
tion of various products, of which the most characteristic are succinic 
acid, C,H.6O,, and cerotic acid, C,,H;,0., the production of the latter 
of which points to the presence of the hydrocarbon, C,,H.6, in the 
original substance. Cerotic acid was also the chief product obtained 
by Gill and Meusel by the oxidation of a paraffin, melting at 56°, by 
means of chromic acid mixture. 

Paraffin is also violently oxidised by permanganate of potassium 
mixed with sulphuric acid and heated. Concentrated sulphuric acid 
attacks it at high temperatures, and the more readily the higher the 
m. p. of the sample. 

When heated with sulphur, paraffin is decomposed, with evolution 
of hydrogen sulphide and separation of carbon. 

Other chemical characteristics of paraffin and methods for sepa- 
rating it from hydrocarbons of other series are given on page 3 ef seq. 
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For the quantitative analysis of mixtures of paraffin with fatty acids 
or fats, the process described in Vol 2, page 183, is suitable. The 
detection and estimation of paraffin in beeswax can be effected as 
described in Vol. 2, pages 249 and 258. 

Paraffin Scale. Crude Parajfin.—‘‘Scale” is the technical name 
for the crude paraffin deposited by cooling the oils holding it in solu- 
tion. The lower the temperature employed for refrigeration, the lower 
the m. p. of the paraffin deposited. 

In the practical assay of paraffin scale, methods must be employed 
which are acceptable under reasonable conditions by all interested 
parties. The following are the methods adopted by the Scottish 
Mineral Oil Association and certain representative purchasers:* 

Sampling.—The sample is to be taken by means of a metal tube, 
which is made slightly conical; the small end is inserted in the scale, 
and by means of a handle, which is removable, it is forced through the 
scale to be sampled. By this means a cylindrical core of paraffin is 
obtained. 

Care must be taken to see that the tube is of such a length that the 
sample will represent the whole length or depth of the cask, wagon, 
or bing. 

Preservation of Samples.—Immediately after the sample has been 
drawn, it is to be thoroughly mixed, placed in suitable wide-mouthed 
bottles, which may be closed either with glass stoppers or good corks; 
if the latter are used, they should be covered with paraffin paper or 
soaked in melted paraffin wax before being inserted. The bottles are 
then finally sealed in the usual manner. The scale should be tightly 
packed into the bottles, which should be completely filled. 

Estimation of Oil. (a) Press.—No special form of press is recom- 
mended for general adoption, but it must have some arrangement for 
indicating the pressure applied. The cup in which the scale is placed 
during the application of pressure should have an area of 20 sq. in. 

(0) Preparation of Sample—A quantity of the scale, after having 
been freed from water and dirt by melting and subsidence, is to be 
allowed to cool overnight to a temperature of 15.5°. The solid 
mass is then ground to a fine powder, a portion of which is used in 
the determination of the oil. 

(c) Quantity and Conditions —The quantity of scale to be used in 
the estimation of oil is to be 250 grains, which may, however, be 


1 J. Soc. Chem. Ind., 1891, 342. 
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reduced to 150 grains in the event of the scale containing much oil 
(over 7%). With “soft” scale the smaller quantity should be taken. 
_ (d) The temperature of the scale and the press is to be 15.5°. 

(e) The scale is to remain under pressure for 15 minutes. 

(f) Fine linen pressing cloths and a number of layers of filter-paper 
sufficient to absorb all the oil are to be used. The exterior papers 
must not be soiled by oil. 

(g) The maximum pressure is to be 10 cwt. per sq. in., and the work- 
ing pressure 9 cwt. per sq. in. / 

Estimation of Water.—The amount of water present in paraffin- 
scale may be estimated by either of the following processes: 

(a) Distillation from a Copper Flask.—From 1 to 2 pounds of the 
scale are heated in a conical copper flask of about the following dimen- 
sions: 27.5 cm. (11 in.) high over all, 20 cm. (8 in.) diameter at the 
base, and 0.4 cm. (1.5 in.) at the neck. The bottom of the flask is 
slightly concave downward. ‘This is connected to an ordinary Liebig 
condenser. By means of a powerful Bunsen burner or lamp the water, 
accompanied by a small quantity of light oil, is volatilised and con- 
densed. The distillate is received in a narrow graduated measure, so 
that the volume of water can be readily ascertained. As a little water 
usually adheres to the sides of the condenser tube, this is to be washed out 
with hydrated gasolene or naphtha and added to the principal quantity. 

(b) Price’s Company’s Method.—500 grains of the scale to be tested 
are weighed in a tared porcelain basin and heated with constant stir- 
ring to 110°, until bubbles cease to be given off; the loss is then 
determined. 

500 grains of the same scale, which has been freed of its water and dirt 
by melting at a gentle heat and subsidence, are to be heated in the 
same way to a similar temperature for the same time, and the loss 
again determined. The loss in the second instance is now to be de- 
ducted from the loss found in the first experiment; the remainder 
is taken as the quantity of water present. 

Determination of Dirt.—The amount of dirt present in scale is to 
be determined by melting a weighed quantity of the scale, and, after 
subsidence, pouring off the clear paraffin. The residue is then mixed 
with naphtha, thrown on a weighed dry filter-paper, washed with 
naphtha or gasolene, dried, and weighed. When available, the quan- 
tity of scale to be used in the estimation of the percentage of dirt 
should not be less than 1 pound. 

Vout. III.—z3 
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Calculation of Results.—As the oil is determined on scale which 
has been freed from water and dirt, the result must be calculated back 
to the original scale containing water and dirt. 

Determination of the Melting (Setting) Point of Solid Paraffin. 
—This may be determined by what is known as the “English” test; 
i. €., a test-tube about 1 in. in diameter is filled to the depth of about 
2 in. with the melted paraffin, a small thermometer is inserted, and 
the whole steadily stirred, while the test-tube and its contents ate 
allowed to cool slowly. The temperature at which the thermometer 
remains stationary for a short time is the melting (setting) point. 

What is technically known in England as the “‘m. p.” of paraffin 
scale is in reality the solidifying-point, and can be ascertained by 
Dalican’s method, Vol. 2, page 55. 

Boverton Redwood (J. Soc. Chem. Ind., 1884, 3, 430) has devised a 
special machine for testing paraffin scale, and the greater part of that 
imported from America is sold on the results of the assay by Red- 
wood’s test. The apparatus consists of a press furnished with a 
gauge for indicating the pressure applied. The test is, of course, a 
purely arbitrary one, depending upon (a) temperature, (0) amount of 
pressure applied, (c) length of time during which the pressure is con- 
tinued, and (d) quantity of scale operated upon in relation to the 
diameter of the press-cake. The operation is conducted at 15.5, 
which temperature must be closely adhered to. The quantity of 
scale operated upon is 500 grains, and the pressure is applied for 5 
minutes. The gauge of the press indicates from 1 to 10 tons, and the 
working pressure is 9 tons on the whole surface of the press cake of 
5 5/8 in. diameter, equal to about 7 cwt. per square in. The sample 
is placed between 2 circular pieces of filter-cloth in a turned iron cup 
into which the ram of the press fits, and a sufficient number of circular 
pieces of filtering paper are placed above and beneath the cloth to 
absorb the expressed oil. The press cake is carefully removed from 
the cloth at the expiration of 5 minutes, and the loss in weight noted. 
The proportion of oil in American scale usually ranges between 1 and 
12%. Much depends upon the proper drawing and averaging of the 
samples of scale. A good plan is to sample one cask in 20 by taking 
out a core with a sampling iron driven into the centre of the cask, and 
then mix the sample by passing it through a small hand sausage- 
machine. 


In America the paraffin scale is melted over a water-bath in a 
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hemispherical tinned iron or glass dish, 3 or 4 in. in diameter. 
The dish is then placed on a stand where slow cooling can take place, 
in a room at a temperature of about 15.5°, and a thermometer, with a 
spherical bulb 1/2 in. in diameter, is suspended over the centre 
of the dish so that 7/8 of the bulb is immersed in the paraffin. The 
surface of the melted scale is then carefully watched, and the tempera- 
ture noted at which a “‘spider’’ extends from the edge of the liquid to 
the bulb of the thermometer. The “spider” or network makes its 
appearance before there is any uniform film over the surface, and is not 
readily observable unless the observer be suitably placed in relation to 
the source of light. Redwood, to whose published papers and private 
communications Allen was indebted for much information on the 
subject of petroleum-products, states that the results of the American 
test are from 2.5° to 3.0° F. higher than those obtained by the English 
test. 

According to Lewkowitsch (Chem. Anal. Oils, Fats, and Waxes, 762), 
the German method of determining the solidifying point of paraffin- 
scale is as follows: A small beaker, 7 cm. high and 4 cm. in diameter, 
is filled with water and warmed to about 70°. A piece of the sample 
large enough to form a globule 6 mm. in diameter is dropped on the 
water. A standard thermometer is immersed in the water so that its 
bulb is entirely submerged and liquid allowed to cool slowly. The 
temperature at which a film is noticed on the paraffin globule is taken 
as the solidifying-point. 

The following methods are improvements over the English method: 

The solidifying-point is best determined by the method of Shukoff. 
30-40 grm. of the paraffin is melted in a narrow flask inserted by 
means of a rubber stopper in a bottle, the same as is used for the 
solidifying-points of fats. (See Vol. 2, page 57.) 

As soon as the temperature of the mass stated has dropped to about 
5° above the solidifying point, the apparatus is strongly and regularly 
shaken until the contents is distinctly turbid. Then, without further 
shaking, one observes the point at which the thermometer remains 
constant and then rises. The highest point then reached is the soli- 
difying-point of the paraffin. 

Dr. Rich Kissling (Rev. Fett. Harz. Ind., 15, 46-9) modifies the 
method slightly by suggesting the use of a Dewar bulb, which is 
filled with melted paraffin to within to mm. of the upper edge. It is 
then suspended in a water-bath, the temperature of which is about 5° 
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above the solidifying-point of the sample. When the temperature of 
the bulb and the bath are the same, the bulb is shaken until the paraffin 
foams, when it is allowed to rest. This paraffin is still clear but close 
to the point of turbidity. The temperature is read from the thermome- 
ter in the bulb until it remains constant from 3 to 6 minutes. 

True Paraffin.—Paraffin stock is tested for its content of true 
paraffin scale, according to Holde, as follows: 0.5 to 1.0 grm. of the 
substance is dissolved in a wide test-tube in ethyl ether, avoiding an 
excess of ether. A volume of absolute alcohol, equal to the ether used 
is added and filtered by means of suction in a funnel surrounded by a 
freezing mixture of ice and salt at a temperature of —20to—21°. Itis 
washed with a mixture of equal volumes of ether and absolute alcohol 
chilled likewise by immersion in a freezing mixture. After washing 
the paraffin is dissolved with hot benzol into a weighed flask and the 
paraffin estimated by weighing after the evaporation of the benzol. 


PETROLEUM RESIDUUM. 


In some works the distillation of petroleum is carried to actual 
coking and in others so far as to produce a kind of pitch. In other 
cases the process is stopped at an earlier stage, and the ‘‘petroleum 
residuum” obtained is separately treated. 

Besides paraffins and olefines, the residues from American petro- 
leum contain notable quantities of cyclic hydrocarbons, among which 
anthracene, phenanthrene, chrysene, chrysogene, and pyrene have 
been recognised, as also a hydrocarbon called thallene. From the 
residue from California petroleum the hydrocarbon picene, C,,H,,, 
has been isolated. When treated with strong sulphuric acid it yields 
a sulphonic acid, which dissolves in water with fine blue-green 
fluorescence. 

For the assay of petroleum residues a method may be used similar 
to that employed for the examination of crude shale oil (page 16). That 
is, 500 c.c. should be distilled, the distillate washed with acid and sodium 
hydroxide, and the purified product again distilled, when it will yield 
burning oil, heavy oil containing paraffin, and “‘grease’”’ which should 
be separately cooled and pressed. The oil separated from the scale 
is again treated with acid and soda, when it forms finished lubricating 
oil. A sample of residue examined by R. Tervet yielded: burning oil, 
5.5%; lubricating oil, 50.6%; and paraffin scale, 5.8%. 

Petroleum residues often contain a considerable proportion of 
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water, which cannot be separated by simply heating the substance. 
The residue should be treated with a large excess of petroleum spirit 
and the water allowed to settle out, any gritty matter being separated 
by filtration. In the United States petroleum residuum is largely 
used in the preparation of asphalt-paving mixtures. 


CYCLIC HYDROCARBONS FROM COAL-TAR. 


The tar obtained as a by-product in the manufacture of illumi- 
nating gas from bituminous coal was at one time a source of much 
annoyance to the gas-engineer, since no convenient disposition or use 
of it could be made. At the present day, however, it constitutes a 
valuable material, chiefly owing to the fact that it is rich in cyclic hydro- 
carbons, from which a long line of synthetic products of great prac- 
tical value may be produced. Russian petroleum residuum has also 
been used as a source of cyclic hydrocarbons, but the present indi- 
cations are that the utilization of the by-products of coke-ovens will 
afford the most economic and abundant supply of these bodies. 

Tars from various kinds of coal, and even from the same kind under 
varying methods of operating, will obviously differ in composition, 
but will always be mixtures of many more or less analogous bodies. 
Modern methods of distillation at high temperatures result in changes 
of the composition of the coal-tar from what it was in the small retorts. 
Less open-chain hydrocarbons are found; in many cases only traces. 
Nearly all the constituents are of the aromatic series. A synopsis of 
the more important of these is given on page 198. The preliminary 
step in the separation of the different constituents is by fractional 
distillation. The table on page 198 shows the general character of 
this distribution as ordinarily carried out; more detailed information 
is given in connection with the description of the characteristic and 
important ingredients in each fraction. 

In the United States a very large proportion of the illuminating gas 
is made from water-gas (carburetted water-gas), and the high tempera- 
ture to which this gas is subjected in the “checker work” produces al- 
most exclusively aromatic hydrocarbons. 

The most important constituents of coal-tar may, from the stand- 
point of the analyst, be arranged in 4 groups, as derivatives of Benzene, 
Naphthalene, Anthracene, and Pitch. Each of the first named forms 
the starting-point of a homologous series, and of an extensive and 
complex series of derivatives. 
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BENZENE AND DERIVATIVES. 


The following is a synopsis of the empirical and rational formule, 
conventional and systematic names of some of the known members 
of the series. Isomerism does not occur in the first two forms: 


Sioa ae, Conventional name | Systematic name 
ee pater” 3s), ha ie E | ey 
6116 | Mexeve GE nor dogcads 
ar ieee ‘Roluenem@es acon Methylbenzene. 
sHio Geli Ore ree Gomcrkar soocogamcns Ethylbenzene. 
Ce6H,(CH;)> ARVLERESS Ka. aves aete ee Dimethylbenzenés. 
CoHr2 Ce6H3(CH;), | Mesitylene ....... ) 
Pseudocumene ... t Trimethylbenzenes. 
Hemimellithene ... | 
CoeH,.C3H, Cumenevencnetee Isopropylbenzene. 
CroHi4 Ce6H.2(CH3)4 Durene meget 5 \] 
| lsodurenewrce-c | Tetramethylbenzenes 
| Prehnitene ....... J | 
CeH,(CH;)(C3H,) | Cymene............ | Methylpropylbenzene. 
Crr;Hy6 CoeH(CH;). [Eraeabasagqo eco gudor | Pentamethylbenzene. 
CioHig Co(CH3)6 [teeters | Hexamethybenzene. 


The homologues of benzene prominently occurring in coal-tar are 
bodies in which r or more of the atoms of hydrogen of benzene are 
replaced by methyl, CH;. Meta-derivatives are more abundant than 
either ortho- or para-derivatives. Higher homologues than tetrame- 
thylbenzene are rare, if occurring at all. 

The members of the benzene series present very close resemblances 
both in their physical and chemical characters, and hence, with the 
exceptions specified below, the description given of benzene may be 
regarded as of general applicability to the others. 

Benzene, C,-H».—This substance was discovered by Faraday in the 
liquid obtained by compressing coal-gas, and subsequently prepared by 
Mitscherlich by distilling calcium benzoate. Mansfield, a pupil of 
A. W. Hofmann, first obtained benzene in practical quantity from coal- 
tar. He lost his life by an accident that occurred while preparing a 
sample for exhibition at the Paris Exposition of 1854. The chemistry 
of benzene has become of immense importance, and research has been 
materially aided by the general acceptance of Kekulé’s theory of the 
benzene-ring; namely, that the carbon atoms are arranged in a closed 
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chain, so that 6 valencies are latent, 12 are concerned in forming the 
chain, and the remaining 6 are saturated by the hydrogen. Various 
suggestions have been made as to the distribution of the latent valen- 
cies, but the subject does not need elaborate consideration here. The 
play of affinities cannot be shown without the use of stereochemical 
formule. For convenience the benzene molecule is represented by a 
hexagon, which, if unmodified, stands for CeHs. When any sign is 
attached without a connecting line to any angle of the hexagon, it in- 
dicates that the body represented is substituted for the hydrogen at 
that point. To assist in the nomenclature of the benzene derivatives 
the hexagon is ‘‘oriented’’—that is, the angles are numbered, the 
figures 1 to 6 being used, arranged in the direction of the figures, of a 
clock. 


I NO, HO NH, 
se wes 5. ee 
4 
Orientation. Nitrobenzene. Hydroxybenzene. Amidobenzene. 


Mono-substitution Compounds. 


When only 1 hydrogen atom is replaced in a given molecule, 
the position is unimportant; but when more than 1 is replaced, 
isomeric forms are always produced. Many of these have been 
obtained. When 2 hydrogen atoms are replaced by the same or 
different radicles, 3 isomeric forms are possible. Representing the 
substituting radicles by X, the following formule will show the forms; 
and names: 


x xX xX 
Za nm Pas eae 
| LS oh gaemnaead 
pots ee a 

1-2 (ortho) 1-3 (meta) 1-4 (para) 


Di-substitution Compounds. 


The numerical system 1-2, 1-3, 1-4 is to be preferred to that by 
prefixes, as the latter becomes complicated and difficult to under- 
stand with the complex derivatives. The replacement of three 
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hydrogen atoms by the same substances also gives rise to three forms; 
thus: 


Cl Cl cl 
| e (~e as 
wo © Cl Le 
1-2-3 1-2-4 1-3-5 


Trichlorbenzenes. 


These tri-substitution compounds have been called, respectively, 
consecutive or adjacent, asymmetrical, and symmetrical. 

When 3 hydrogen atoms are substituted by different radicles the 

number of possible isomeric forms is much increased. Further 
details will be given in connection with the description of special 
substances. 
* The additive compounds are formed not only with chlorine and 
bromine, but also with hydrogen. Benzene hexhydride, CsH¢He, 
is isomeric with hexene. The following table shows the sp. gr. and 
b. p. of some of the hexhydrides: 


Formula Bape Sp. gr. 
Ce Hi. 69 0.760 at 0° —_— 
C,Ai, 97 0.772) ato? 0.4758 at 20° Compared 
CgHr6 I18 0.781 at 0° 0.765 at 20° with 
CoHig 135-138 ©.790(?) at 0° — f water 
CroHiso 153-158 ©.802 at o° =o. 788 at 23° | at 0° 


The members of this series are known as naphthenes. The naph- 
thenes behave in many respects like saturated hydrocarbons, being 
incapable of forming additive compounds, offering great resistance to 
the action of oxidising agents, and, when yielding, splitting up com- 
pletely, with formation of carbon dioxide and water as the chief prod- 
ucts. They are not acted on in the cold by bromine, fuming sulphuric 
acid, nor nitric acid of sp. gr. 1.4; but fuming nitric acid, or a mixture 
of nitric and sulphuric acids, converts them into the nitro-derivatives 
of the benzene hydrocarbons. Naphthenes have been found largely 
in Caucasian petroleum, and are present also in American petroleum 
(see pages 41 and 42). 
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The light oil from coal-tar, known as commercial “benzol,” con- 
sists chiefly of a mixture of benzene and its homologues in variable 
proportions. The method of assay is described on page 206 et seq. 
The characters of benzene and its immediate homologues are de- 
scribed in separate sections. 

The term benzol is one frequently applied to the hydrocarbon 
benzene, but when used at all it should be strictly limited in its applica- 
tion to the mixture of homologous hydrocarbons obtained from light 
coal-tar oil, of which benzene, C¢Ho, is the most important constituent. 
The technical product is generally known as benzol. 

Benzene is produced by a great number of reactions, and also 
results from the heating of various hydrocarbons and other organic 
bodies. It occurs in certain petroleums. 

In practice, benzene is obtained from the portion of coal-tar which 
distils below 100°, technically known as “‘light oils.” To prepare pure 
benzene, the oil is agitated successively with dilute sulphuric acid, 
water, and milk.of lime or caustic soda solution. It is next digested, 
at 100°, with 5% by volume of concentrated sulphuric acid for several 
hours, in order to separate thiophene and the hydrocarbons of the ole- 
fine and acetylene series, and this treatment is continued as long as fresh 
quantities of acid continue to be blackened by it. The purified product 
is then separated and fractionally distilled, the portion which passes 
over below go° being collected separately. This is cooled by a freezing 
mixture, when the benzene crystallises out, and is separated from the 
more fusible hydrocarbons by draining on a vacuum-filter. Ifa pure 
product be required, the benzene is melted and recrystallised several 
times, the mother-liquor being separated as before. 

Pure benzene is a colourless, very limpid, highly refractive liquid, 
of a peculiar and somewhat agreeable odour. When subjected to a 
freezing mixture it solidifies to a brilliant white mass of fern-like 
tufts, which melts at 5.5°, and boils without decomposition at 80.5°, 
emitting a highly inflammable vapour, which burns with a luminous and 
very smoky flame. Benzene is practically insoluble in, though com- 
municating its odour to, water, but is miscible (apparently in all pro- 
portions) with methyl, ethyl, and amyl alcohols, ether, chloroform, 
carbon tetrachloride, petroleum spirit, turpentine, absolute phenol, — 
and fixed and volatile oils. 

Hot benzene dissolves sulphur, phosphorus, and iodine. It is an 
excellent solvent for gutta-percha and india-rubber, and which are 
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left unaltered on evaporation. It also dissolves waxes, fats, and 
fatty acids. 
The following are determinations of the sp. gr. of benzene: 


Source of benzene | Density: | Temperature,° Observer 
5. chttin 6.0/5 OSA Rs eae | 0.8991 | ° Kopp. 
2.9 0y0 6:0 Glo CO ECE sae eae ate OS SO5 7am) ° Warren. 
ood5 G7 On BS OO Oe Aen ree _ 0.8820 | 15 Warren. 
BEN ZOLCIACIC Mm Nee eer ss ences |) tonQoo2.| ) Adrieenz. 
IBENZOICTACIG ny acse thoy teil AORSSA0) al 5 Adrieenz. 
BCH ZOLG ACI Cia, ctmniooe voiey erties | 0.8689 | 30 Adrieenz. 
Benzolcraci dimmers ees snc 2 he | 0.8133 80 Adrieenz. 
Coal-taren acco otis. ne eiee| 'OROOL2! | ) Adrieenz. 
Coal-tar......... 060-2... eee! 0.8850 | 5 Nickels. 


Benzene may be heated to 400° in a sealed tube without change; but 
when passed through a tube heated to a bright redness it yields hydro- 
gen, together with diphenyl, C,, H,,, and other hydrocarbons. Ben- 
zene is not acted on by distilling it with metallic sodium. Alkali 
hydroxides have no effect on it. It dissolves entirely when heated to 100° 
for some hours with 4 or 5 times its volume of concentrated sulphuric 
acid. The resulting liquid contains benzenesulphonic acid, CeH,SO,H, 
and is colourless if pure benzene be employed. At very high tempera- 
tures, or when fuming sulphuric acid is employed, benzenedisulphonic 
acids are produced. Under the influence of oxidising agents benzene 
yields a number of interesting products, according to the treatment to 
which it is subjected. Thus: 

a. By the action of chromic oxychloride on a solution of benzene 
in glacial acetic acid, trichloroquinone, CsHCl,O., is formed. 

b. By the action of manganese dioxide and concentrated sulphuric 
acid, benzene yields carbon dioxide, formic acid, and water, together 
with small quantities of benzoic, phthalic, and terephthalic acids. 

c. By the action of concentrated nitric acid, benzene is readily 
converted into nitrobenzene, C5H;NO,; and by the continued action 
of the acid, especially if hot or mixed with sulphuric acid, dinitro- 
benzenes Cs6H,(NO.)., are produced. 

By the action of chlorine or bromine in the dark or diffused light,” 
benzene is converted into chlorinated or brominated derivatives, in 
some cases 5 out of the 6 atoms of hydrogen being replaced. In 
direct sunlight, chlorine and bromine form additive compounds with 
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benzene, of which benzene hexachloride, CeHoCle, is a type. Iodine 
alone has no action on benzene, but when a mixture of benzene with 
iodine and iodic acid is heated iodobenzenes are formed. 

By prolonged treatment with hydriodic acid, under high pressure, 
benzene is converted into benzene hexhydride, CsH,., a substance 
isomeric with hexene. 

Separation and Recognition of Benzene.—When in a pure state 
and in tolerable quantity, benzene is readily recognisable by its smell, 
sp. gr., and b. p. The chemical tests capable of ready application are 
few, the most satisfactory being the formation of nitrobenzene with 
nitric acid, followed by the action of reducing agents on the nitro- 
compound, and recognition of the aniline so formed. 

This test is only applicable to benzene in approximate purity, or 
at least free from certain admixtures. With complex mixtures one or 
all of the following means must be adopted to separate the benzene 
from interfering bodies: 

1. The liquid-should be agitated with solution of sodium hydroxide, 
and separated from the aqueous layer. This treatment removes 
phenols and other bodies of an acid character. 

2. The purified oily liquid should be separated from non-volatile 
matters by distillation in a small retort or flask furnished with a ther- 
mometer and good condensing arrangement. The portion passing 
over between 65° and 100° will contain any benzene which may be 
present, and should be collected separately and treated as follows: 

3. The fraction passing over between 65° and 100° is shaken 
with a small quantity of cold concentrated sulphuric acid, and the 
treatment repeated, if necessary, with successive small portions of acid 
till no further blackening ensues. Thiophene and members of the 
olefine and acetylene series are thus removed. If at this point the liquid 
be warmed with excess of concentrated sulphuric acid, the acid liquid 
separated, heated to from 180° to 200° and a current of steam 
passed through it, all benzene and homologues which had dissolved as 
sulphonic acids will be recovered nearly pure. 

4. The purified oil is separated from the acid and washed by agita- 
tion with dilute sodium hydroxide solution. 

5. The product of the last operation should next be redistilled in an 
apparatus provided with a dephlegmator, and the fraction passing 
over between 78° and 84° collected separately, and, if thought 
desirable, again fractionated, the portion distilling between 80° and 
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82° being collected separately. The product will consist of benzene, 
probably mixed with more or less of other bodies having approximately 
the same b. p., those most likely to be present being thiophen, carbon 
disulphide, toluene, and benzene hexhydride. 

6. The first of these may be removed by treatment with aluminum 
chloride (see page 211), and the second by alcoholic potash (see page 
226), while the remaining bodies may be further separated by again 
fractionally distilling, and remain liquid on exposure to o° at which 
temperature benzene solidifies. . 

When present in but small proportion in a mixture of volatile bodies 
the foregoing process wholly fails to isolate the benzene present, and 
in many other cases it is unnecessary to obtain the hydrocarbon in a 
state of absolute purity in order to demonstrate its existence. As a 
rule, it is sufficient to treat the partially purified substance resulting 
from process 4 for nitrobenzene as described below. 

The benzene, having been concentrated and obtained more or less 
pure in the manner above described, is next treated with about twice 
its measure of fuming nitric acid of 1.50 sp. gr. The operation is con- 
ducted in a small flask or retort furnished with an inverted condenser. 
If a vigorous action occurs, no extraneous heat need be applied; but 
if the reaction be sluggish, the liquid should be well agitated and moder- 
ately heated for afew minutes. The flask is then cooled and the con- 
tents transferred to a tapped separator. Ifseparation into distinct 
strata occurs, all except the top stratum are run off, while still warm, 
through the tap into a quantity of cold water. Ifthisliquidremain clear, 
no nitrobenzene has been formed, and consequently benzene was not 
present. In presence of a considerable quantity of benzene, separa- 
tion of yellow, oily nitrobenzene will occur at the bottom of the water, 
and a marked odour of bitter almonds will be perceived. With smaller 
quantities, the nitrobenzene will form a finely divided precipitate, 
which will collect after some hours at the bottom of the vessel. The 
liquid is passed through a wet filter, washed with cold water, and the 
nitrobenzene collected is dissolved by dropping alcohol on the filter. 
The alcoholic solution thus obtained is then treated with zinc and 
hydrochloric acid, in the manner described on page 212, and the resul- 
tant aniline detected by bleaching powder. 


1In the case of mixtures of petroleum spirit and benzene, 3 layers are formed, the 
uppermost consisting of unaltered paraffins, the middle one of nitrobenzene, and the lowest 
of a solution of nitrobenzene in nitric acid. If the proportion of benzene in the mixture 
be moderate, the nitro-compound produced remains wholly in solution in the nitric acid 
until the latter is diluted. 
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For the estimation of benzene in complex mixtures, the only 
available method is to separate fixed matters, purify by treating with 
acid and alkali, as already described, then to remove any carbon 
disulphide by alcoholic potash (see page 226 ef seg.), and subsequently 
to carefully fractionate the purified hydrocarbons in a bulb apparatus, 
as directed. The product may then be converted into nitrobenzene 
as described on page 211, the latter substance being dissolved in 
strong sulphuric acid and any residual hydrocarbons deducted from 
the apparent benzene previously found. 

For the estimation of benzene and its homologues in the liquid 
obtained by compressing the gaseous hydrocarbons obtained by sub- 
jecting petroleum to a red heat, as in the Pintsch system of lighting 
railway carriages, C. G. Williams rejects the portion distilling below 
65.5°, and treats the remainder with its own volume of commercial 
nitric acid, previously dilated with an equal volume of water. On dis- 
tilling the mixture at 100°, the benzene and its homologues readily 
come over, while the olefines are converted into compounds, which 
remain in the still. 


COMMERCIAL BENZENE (BENZOL). 


The benzene of the English market varies in purity from an article 
containing only insignificant proportions of other bodies to the “go,” 
“so,” and ‘‘30”% benzols of the tar distiller. ‘The composition and 
methods of assaying these products are described in a subsequent 
section (page 222 et seg.). Commercial benzol, when sold retail, is 
sometimes entirely replaced by petroleum spirit. Shale naphtha 
may also be substituted. These products are readily distinguished 
from the coal-tar products by the tests described on page 116. 

Benzene is now manufactured in large quantities of such purity 
that from 95 to 98% will distil within 1° of the theoretical b. p. The 
assay of such products is conducted by more rigid methods than 
those employed for ordinary benzols. Thus, the distillation is con- 
ducted on roo c.c., which is fractionated in a flask with side-tube, the 
bulb of the thermometer being adjusted so as to be just below the 
tubulure. 

In some cases, and in conformity with Continental contracts, com- 
mercial benzene is subjected to the following special tests: (a) 1 c.c. 
of the sample is agitated with 20 c.c. of pure concentrated sulphuric 
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acid in a small stoppered bottle, and allowed to stand some hours. 
The colourisation at the end of this time should be very slight, never 
exceeding a pale straw-yellow. (6) 10c.c. of it is agitated in a stoppered 
bottle with successive small quantities of saturated bromine-water, 
until a yellow tint is obtained, which persists for some minutes. Not 
more than o.5 c.c. of bromine-water should be required to produce this 
result. 

For the purpose of determining the available benzene in a mixture, 
G. Lunge (Coal Tar and Ammonia,” 3d English Ed., p. 626) 
recommends the nitration test, which depends on the production of 
nitrobenzene. He describes it as follows: 100 c.c. of the sample are 
placed in a 500 c.c. flask provided with a cork carrying 2 tubes. A 
mixture of 150 grm. of nitric acid (sp. gr. 1.4), and 180 to 200 grm. of 
sulphuric acid (sp. gr. 1.84) is prepared and allowed to cool. Portions 
of this mixture are placed in the stoppered tube and allowed to flow 
drop by drop into the benzene, shaking this up almost instantly. If 
the temperature rises, the flask must be cooled by immersion in water. 
When addition of acid ceases to produce rise of temperature, the flask 
should be heated gently for an hour or 2, during which time it will 
be an advantage to connect the second tube with a reflux condenser. 
Allow the mixture to settle, and separate the layers by a separatory 
funnel. Most of the crude nitrobenzene is in the upper layer. The 
lower (acid) layer should be diluted with several times its bulk of water 
and allowed to standforafewhours. Any oily liquid separating should 
be added to the nitrobenzene. Wash the latter with water several 
times, then with a very dilute solution of sodium hydroxide, and once 
again with water. Care should be taken that none of the product is 
lost in these washings. ‘The washed nitrobenzene is then allowed to 
settle, carefully separated, redistilled in a fractionating flask until a 
temperature of 150° is reached, and the distillate once more nitrated, 
using a large excess of the acid mixture. Any material remaining 
undissolved may be regarded as non-nitrable hydrocarbons. 157.6 
parts of nitrobenzene correspond to roo parts of benzene. 

For testing crude benzene: by fractional distillation the methods 
described on page 48 may be employed. The French Government 
has adopted a compact apparatus devised by Regnault, and consists 
in a cylindrical copper retort, of not less than 300 c.c. capacity, con- 
nected with acondenser. 5 glass receivers marked in c.c. are provided 
with means for quickly changing from one to another. 100 c.c. of the 
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sample are placed in the retort, and the thermometer fixed so that the 
bulb does not dip into the oil and the mark of 80° comes just above 
the cork. The receivers are changed at 100°, 120°, 140°, 160°, and 
180°. 

In the United States the usual commercial grades of benzol are 
“‘Benzol C. P.” (crystallisable), “‘ 100%,” “‘q0%,”’ “50%,” and straw- 
coloured. The first mentioned is very nearly pure benzol and can be 
crystallised by chilling to 5°. The “‘100%” product should give 100% 
over at 100° on distillation; the ““qo0%”’ g0% over at 100°, and the same 
“20%” so% at 100°. The straw-coloured benzol is the same as the 
90%, only unwashed. 


The following is a list of the “‘ benzols,’’ etc., produced by the Barrett Manufacturing Co., 
at Philadelphia, Pa.: 


Benzol C. P., water-white Solvent naphtha, water-white 

Benzol 100%, water-white Benzol, straw-coloured 

Benzol 90%, water-white Toluol, straw-coloured 

Benzol 50%, water-white Barrettol 

Toluol C. P., water-white Heavy naphtha, dark 

Toluol Commercial, water-white Special heavy oil, free from naph- 
Xylol, pure, water-white thalene 

Benzol 160°, water-white Creosote oil, dark (deposits naphthalene) 


(To Mr. Jayne, of the chemical department of this company, and their chemist, Mr. 
Weiss, is due the commercial methods of analysis of benzols, carbolic acids, given herewith 
and on page 307). 


The following general tests are applied to water-white benzols: 

Distillation Test.—In distilling benzols (products enumerated 
above) roo c.c. distilling flasks are used, with side-tube delivery. 
They should be made of Jena glass as the distillations are pushed to 
dryness. To do this gauze must not be used, but the flasks rest in a 
hole in a piece of asbestos board and very small flames from extremely 
small Bunsen burners are used. 

A burner found useful by the reviser of this edition consists of a 
tube 1 3/4 in. long with an opening at the top 1/4 in.; air mixes with 
the gas in the base of the burner. The flame must be protected from 
draughts by large pieces of asbestos or sheet metal, chimneys of tin or 
mica around the burner cause superheating of the vapours. Very 
carefully standardized thermometers are used for this work, but cor- 
rection for exposed stem is not made. The distillation test is the 
most important test and serves to grade oil most readily, 

Sulphuric Acid, or Wash Test.—This test is only applied to water- 
white oils, as it would mean nothing with unrefined oils. Pure con- 
centrated sulphuric acid is shaken with 3 or 4 parts of the oil in small 
glass-stoppered bottles of clear colourless glass. 
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The purity of the oil is judged by the colour it gives to the acid. 
After vigorous shaking for about 1 minute the mixture is allowed to 
settle for 10 minutes before recording the test. 

Sp. Gr.—This is best taken by means of a Westphal balance at 15°. 

In the works it is customary to use specially made hydrometers, 
that are carefully standardised. 

“Benzol C. P.”’—This grade should all boil over within 2° at about 
80°, say from 80-82°. The sulphuric acid test should give acid almost 
uncoloured or very pale straw-colour, the benzol is absolutely uncol- 
oured, as in the case in most water-white products. ‘The sp. gr. 
should be 0.882-0.884. The following table shows the results of tests 
on these products. 


Distillation Sp. gr. Acid test 

BenzoliGs Pamir aca cr: All over within 2° at/o.882-0.884| Acid very pale straw. 
about 80°. 

Benzol 100% +222... All over at 100°, (flask}0.880-0.882] Acid straw. 
dry). 

Benzol 90% ........| 90% over at 100°, alljo.879-0.882) Acid slightly yellow. 
over by 120°. 

BenzolesoU numer uicickid 50% over at 100°, alljo.870-0.876| Acid yellow. 
over at 120°130°. 

BROMO Mere er scien oeces 7 Within 2 degreesj|o.870-0.872| Very pale straw. 
around 100°, 

Toluol, commercial . FENG IER Oli) Eke, LePrerallenstomelsy All goo Anau nonooD ae 
atleast 95 %at 130°; 
dry at 140°, 

Pure xylol, commercial.| Should boil between|0.866—-0.869|.......-......+++00- 
limits 134-145°. | 

Solvent benzol 160 ...| 90% over at 160° ... .|0.866-0.870} Acid yellow. 


Heavy tar oil supposed to be free from naphthalene. This may be 
tested by distillation in a roo c.c. flask as used for benzols. Its gravity 
should be greater than that of water. On being surrounded by ice in 
a small test-tube and a small crystal of naphthalene added, no more 
naphthalene should be found other than that added. 

Straw-coloured benzol shows distillation test and sp. gr. about the 
same as 90% benzol. Straw-coloured toluol the same as commercial 
toluol, as it is the unwashed product. 

Barretol is a coal-tar distillate that has about the same evaporative 
power as turpentine; it is used for cleaning type, varnish stains, solvent 
for rubber, etc. 

Vot. III.—14 
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THIOPHEN, C,H;S. 


This body is present to the extent of 0.5% or more in all commer- 
cial benzene prepared from coal-tar. 

Pure thiophen is a colourless, mobile liquid, boiling at 84°, and 
having a density of 1.07 at 15°. It is not miscible with water, and 
is not attacked by alkalies or alkali metals. With concentrated sul- 
phuric acid it forms a sulphonic acid, and is oxidised very rapidly by 
nitric acid. Mono- and dinitrothiophen have, however, been obtained 
and may be present in the best commercial nitrobenzols. Bromine 
forms monobromthiophen, boiling at 150° and having a density of 
1.652 at 23°; or, if a larger quantity of bromine is used, forms 
dibromthiophen, C,H,Br.S, which is a colourless liquid boiling at 
211° and of 2.147 sp. gr. at 23°. In its reactions this body closely 
resembles thiophen. 

Many of the colour-reactions of commercial benzene and toluene 
are really due-to the presence of thiophen. This is true of the brown 
colour produced on agitation with strong sulphuric acid, and especially 
the reaction observed by Laubenheimer. To apply this test, a dilute 
solution of phenanthraquinone in glacial acetic acid is treated with a 
few drops of the liquid to be examined, the mixture well cooled, and 
concentrated sulphuric acid then added drop by drop, the resulting 
solution after a few minutes being treated with water. A colouring 
matter separates, which, on agitation with chloroform, dissolves to a 
fine green liquid. On shaking 2 c.c. of benzene with 0.5 c.c. of sul- 
phuric acid and 1 drop of fuming nitric acid, a blue or green tint indi- 
cates the presence of thiophen. Another highly characteristic re- 
action is the deep blue indophenin produced on agitating thiophen 
with isatin and strong sulphuric acid. When the proportion of thio- 
phen is large, a dirty brown is produced. If the mixture be warmed, 
the same reaction is produced by many of the derivatives of thiophen, 
including dibromthiophen, thiophen-sulphonic acid, C,H,S.SO,H, 
and thiophenic acid, C,H,S.COOH. According to H. Kreis (Chem. 
Zeit., 26, 523, 1902), if benzene, containing even very minute amounts 
of thiophen, is shaken with a very dilute solution of thalline (tetra- 
p-quinonisol) be shaken with a little (1.42) nitric acid, the acid be- 
comes coloured intensely violet. This reaction is delicate with a solu- 
tion of thalline and thiophen in benzene as dilute as 1-100,000. The 
violet colouration is not permanent, it changes gradually to reddish 
and finally to yellow. The purple reaction of dinitrobenzene with 
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alcohol and potassium hydroxide is due to the presence of nitro- or 
dinitrothiophen. 

For the removal of thiophen from benzene, Haller and Michel 
(Bull. Soc. Chim., 1896, 1065) employ aluminum chloride. 1% is 
sufficient when the sample contains but little thiophen; but when 
the proportion is greater, 4 or 5% may be needed. The aluminum 
chloride is agitated with the benzene and then allowed to stand, when 
a viscous, reddish product collects at the bottom. The benzene may 
be distilled off at once or after separation from this liquid. 

Estimation of Thiophen in Benzene (Denigts, Bull. Soc. 
Chim., 1896, 1064).—2 c.c. of the sample are placed in a 60 c.c. stop- 
pered flask with 30 c.c. of methyl alcohol, free from acetone, and 
ro ¢.c of mercuric sulphate solution. The flask is closed and the 
mixture allowed to stand for about 20 minutes. An insoluble com- 
pound, 2HgO, HgSO,, C,H,S, is formed, and is removed by filtra- 
tion. 21 c.c. of the filtrate (0.1 c.c. of the sample) are placed in a 
litre flask with 350 c.c. of water, 15 c.c. of ammonium hydroxide 
solution, 10 c.c. N/1o0 potassium cyanide solutlon, and 5 or 6 
6 drops of a 20% solution of potassium iodide, and the whole well 
shaken. If not perfectly clear, a gentle heat may be applied, and then, 
after cooling, N/1o silver nitrate is added until a permanent 
turbidity results. The amount of thiophen (#) can be calculated 
by the formula: 


x = 2.8 (n—0.3); 


in which equals the number of c.c. silver nitrate solution used. 

Methylthiophen or thiotoluene, C;HS, is contained in impure 
toluene, from which it is isolated with difficulty as a colourless liquid 
boiling at 113° C. Dimethylthiophen, or thioxene, Co6HsS, is also 
present in coal-tar naphtha. 


NITROBENZENE, C.H;NO.. 


Nitrobenzene, called “‘nitrobenzol’’ commercially, is a product of the 
action of nitric acid on benzene, CsHs6+HNO,=CcoH;NO,+H,0. 
The acid should not be of lower sp. gr. than 1.45; on the large scale it is 
employed in admixture with sulphuric acid. Great heat is evolved, 
and more or less red fumes are produced. When the action is over, 
the product may be poured into water, when the nitrobenzene sinks 
to the bottom as a yellow oil. 
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Pure nitrobenzene is a pale yellow liquid, having an odour resem- 
bling that of the essential oil of bitter almonds or benzaldehyde, 
C,H.O, but differs from that body in many respects besides chemical 
composition. Its odour has led to its extensive use as a scenting and 
flavouring agent under the name of ‘Essence of Mirbane.” It is 
nearly insoluble in water, but dissolves in nitric acid, being repre- 
cipitated on dilution. It is soluble without alteration in sulphuric 
acid of 1.84 sp. gr. Fuming sulphuric acid converts it into m-nitro- 
benzol-sulphonic acid. The sp. gr. of nitrobenzene is 1.208 at 15° 
The m. p. after having been chilled to the solid state is 3°. The b. p. 
is 206-207°. Nitrobenzene is readily volatile with steam. 1 part 
of nitrobenzene distils with 6 parts of water at 1 atmosphere pres- 
sure. It is readily soluble in alcohol, and is miscible in all pro- 
portions with ether, benzene, and oils, and has great stability, being 
unaffected by chlorine or bromine even at the b. p., unless iodine or 
antimonic chloride be simultaneously present. 

The vapour of nitrobenzene is distinctly coloured, closely resembling 
that of chlorine. This is easily visible ina depth of 5 cm., and isstrongly 
marked in a depth of ro cm. When light is transmitted through the 
vapour, no bands of absorption are produced in the visible spectrum. 
The violet and the blue are absorbed, but less strongly than with 
the fluid. 

By treatment with a mixture of sulphuric acid and the strongest 
nitric acid, nitrobenzene is converted into a mixture of the three iso- 
meric dinitrobenzenes, C>sH,(NO,),.. These form pale yellow 
crystals. 

Nitrobenzene is scarcely affected by aqueous alkalies, even when 
boiling, but is converted by alcoholic potash into a mixture of azoben- 
zene, (C6H;),N,, and azoxybenzene, (Cs6H;N),O. 

Under the influence of reducing agents, e. g., hydrogen sulphide, 
zinc and hydrochloric acid, or acetic acid and iron filings, nitrobenzene 
is converted into aniline, CsH,.H,N, the production of which affords 
one of the most delicate and characteristic tests for nitrobenzene. 
The alcoholic solution of the nitrobenzene should be mixed with 
hydrochloric acid and boiled for some time with metallic zinc. The 
liquid is next diluted, neutralised with sodium hydroxide, and a clear 
solution of bleaching powder cautiously added. A blue or purple 
colouration, often appearing somewhat slowly, and gradually changing 
to brown, will be produced if aniline, resulting from the reduction of - 
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nitrobenzene, be present. According to Balls, magnesium ribbon, 
with the addition of a few drops of solution of platinum chloride, 
rapidly and completely reduces nitrobenzene in alcoholic solution to 
aniline, giving a solution which can be at once decanted and tested 
with bleaching powder. 

By the electrolysis of a solution of nitrobenzene in concentrated 
sulphuric acid amido-phenol sulphonic acid forms at the cathode. 

The following methods of detecting small quantities of nitrobenzene 
are due to Jacquemin. A single drop of nitrobenzene dissolved in 
20 c.c. of alcohol is stated to suffice for all three tests: 

a. The liquid is treated with zinc and sulphuric acid to reduce the 
nitrobenzene to aniline. The liquid is treated with excess of sodium 
carbonate and filtered; to the filtrate 1 drop of carbolic acid is added, 
and then some sodium hypochlorite, when a brown colouration, rapidly 
changing to blue, due to formation of sodium erythrophenate, indicates 
the presence of nitrobenzene. 

b. The liquid is treated with some lead dioxide. If excess of the 
oxide be used, a rose tint, changing to brown, is developed, but other- 
wise the rose colour changes to blue. The reaction is said to be very 
delicate. 

c. A crystal of potassium chlorate is added to the liquid, and a drop 
of concentrated sulphuric acid allowed to run down the side of the tube, 
when a violet colouration is produced. 

Toxicological Detection of Nitrobenzene.—The symptoms pro- 
duced by nitrobenzene, when taken either in the liquid or the gaseous 
state, show that it is an active poison of a peculiarly insidious nature. 
For the most part its action is that of a powerful narcotic, and, as a rule, 
it produces but little local irritation of the stomach or bowels. The 
first symptoms are usually headache and drowsiness, followed by 
flushing of the face, difficult breathing, irregular pulse ,dilatation of the 
pupils, more or less loss of voluntary power, and sometimes convulsions. 
On attempting to walk the poisoned person will sometimes reel as if 
drunk, and the breath will smell of nitrobenzene. These symptoms 
are followed by coma, which may come on slowly, but is more fre- 
quently sudden, increasing in intensity until death ensues in 5 or 6 
hours from the ccmmencement of the symptoms. When the stage of 
coma is reached there is but little chance of preventing a fatal termina- 
tion of the case. On the whole, the symptoms of poisoning by nitro- 
benzene simulate those of apoplexy, but the strong and persistent odour 
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and the intense salivation it is apt to produce sufficiently distinguish 
it from the latter affection. 

The vapour may prove injurious even when largely diluted with air. 

The post-mortem appearance of the stomach is normal, but the smell 
of the poison will usually be perceptible, unless death has ensued by in- 
halation of the vapour. The brain is always congested, and the blood 
everywhere black and thick, but fluid, the heart being full of dark, 
treacly blood. There is usually well-marked and long-continued 
rigidity. In cases of delayed death, nitrobenzene may not be found as 
such on analysis, owing to its reduction to aniline, which will be met 
with in the brain and urine. In many cases a distinct colour will be 
observed on the skin, at least in some parts. 

The poisonous effects of nitrobenzene are identical with those of 
aniline, and are most probably due to the reduction of the nitro- 
benzene to that substance in the body. 

For the detection of nitrobenzene, the portions of the body to be 
examined should be reduced to fragments and acidified with dilute 
sulphuric acid. The liquid is distilled, and the distillate examined 
from time to time, with the view of detecting the presence of any un- 
changed nitrobenzene. Then treat the contents of the retort with 
rectified alcohol, and filter. Precipitate the filtrate with excess of 
basic lead acetate, and again filter. Remove any lead from the liquid 
by adding a slight excess of sodium sulphate. Evaporate the filtered 
liquid nearly to dryness, and render the solution alkaline with sodium 
carbonate. Then agitate with ether to dissolve the aniline, run 
off the aqueous liquid, and agitate the ethereal solution with a little 
very dilute sulphuric acid. Separate this acid layer, which will con- 
tain any aniline as sulphate, concentrate by evaporation at a low 
temperature, and test for aniline by bleaching powder solution as de- 
scribed on page 212. 

Commercial Nitrobenzol.—The products obtained on a large scale 
by the action of nitric acid on commercial benzols vary in composition 
with the character of the benzols employed in their manufacture, but 
are often exceedingly complex, containing simultaneously several 
isomeric varieties of the different mono- and dinitro-derivatives of 
the benzene series of hydrocarbons, which diminish in volatility 
and fusibility with the number of atoms of carbon or molecules 
of NO, contained in them. By the action of reducing agents the 
various nitro-compounds yield aniline and other bases, the constitution 
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of which depends on that of the nitro-compounds from which they are 
derived. Some of these yield colouring matters materially differing in 
shade or brilliancy from those given by purer products. 

The presence of hydrocarbons in nitrobenzol may be detected by 
dissolving 30 c.c. of the sample in 70 c.c. of concentrated sulphuric 
acid, in which it ought to be entirely soluble. 

Commercial nitrobenzene and dinitrobenzene commonly contain 
the nitro-derivatives of thiophene. These impurities may be detected 
by dissolving the sample in alcohol, and adding a single drop of 
aqueous potassium hydroxide, when a deep-red solution is obtained, 
a thin layer appearing violet. An excess of alkali destroys the colour, 
but it may be restored by cautious neutralisation. 

The sp. gr. of nitrobenzol made from 90% benzene should be 1.186, 
and from 30 to 40% benzol 1.175 to 1.190. 


TOLUENE. 
Methylbenzene, C,Hs=C,H.CH,. 


Toluene, formerly called “‘toluol,’’—a name which should be applied 
only to the commercial substance,—is obtainable by various synthetical 
methods, is a product of the dry distillation of tolu-balsam and many 
other resins, and is present to a considerable extent in coal-tar naphtha. 
It closely resembles benzene. The chief points of difference are: 

1. The odour, which is distinct from that of benzene. 

gm Lhe sp. gr., 0.861at.0°, 0,871 at 15°. 

3. The b. p., 111°, is considerably higher than that of benzene. 

4. The solidifying point, toluene remaining liquid even at —20°, 
while benzene is solid at 0°. 

By the action of concentrated nitric acid, toluene is converted into 
one or more nitrotoluenes, or dinitrotoluenes; but when boiled with 
dilute nitric acid it is oxidised with formation of benzoic acid and 
other products. Commercial nitrotoluol has a sp. gr. of 1.167. Pure 
orthonitrotoluene has a gravity of 1.162, that of metanitrotoluene 
being 1.168. Paranitrotoluene is solid at ordinary temperatures. 
Dinitrotoluene is used for deblooming oils. 

When treated with excess of hot concentrated sulphuric acid, toluene 
forms 2 isomeric toluenesulphonic acids, C;,H,HSO;. On heating the 
liquid to about 160°, and passing a current of steam, these compounds 
are decomposed and the toluene distils over almost without loss. 
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COMMERCIAL TOLUENE. 


Toluene constitutes the greater part of ‘‘50% benzol” (page 228), 
and also occurs to a considerable extent in ‘‘g0% benzol.”’ 

Toluene occurs in an approximately pure state in commercial 
“toluol,’? which is now manufactured on a large scale. When frac- 
tionated in the manner described on page 208, commercial toluols 
should give the first drop at 110° to 111°, and go% of distillate below 
120°, 

An almost pure toluene is now made commercially, which distils 
wholly within a degree or two of 110°. 


XYLENES. 
Dimethylbenzenes. CsH,.=CoH;.(CH)).. 


All 3 forms of xylene (see page 229) occur in coal-tar; the isomeric 
body, ethylbenzene, CsH,;(C.H;), has also been found by some 
investigators. 

The isomeric xylenes present a close general resemblance to benzene 
and toluene, but are distinguished by their higher b. p., lower sp. gr., 
and the greater facility with which they are oxidised and are converted 
into sulphonic acids. 

The different behaviour of the isomeric xylenes with reagents has 
some practical interest as affording a means of examining the nature 
oi— 

Commercial xylene or xylol, which is now manufactured on a 
considerable scale for the preparation of cumidine (by heating the 
monomethyl-metaxylidine hydrochloride with methyl alcohol) and of 
azo-colouring matters (scarlets, oranges, etc.). Commercial xylene 
is obtained by the fractional distillation of coal-tar naphtha. It 
varies greatly in purity, giving 90 to 95% within a range of 2° to 6° 
from the first drop over. ‘The distilling-points may range from 136° 
10°#35°;,136° to: 140°;°136° to 142°s. 138° to 140°; or 148° to T4o%eace 
cording to the stipulations of the contract note. In some cases the 
contract note stipulates that 90% of the sample of xylene shall distil 
within a range of 1°, and this behaviour is very strictly enforced. 

Besides varying proportions of the three xylenes, the properties 
of which have already been described, commercial xylol contains more 
or less of the lower and higher homologues (methylbenzene, 1-3-4- 
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and 1-3-5-trimethylbenzenes), together with a notable proportion 
of paraffins, and probably ethylbenzene and ethenylbenzene and 
hydrocarbons of other series. The hydrocarbons of the olefine and 
acetylene series are not improbably present in the fraction of crude 
naphtha from which commercial xylene is prepared, but they either 
suffer absorption by the sulphuric acid used for the purification, or 
are thereby polymerised so as to remain in the retort when the purified 
substance is redistilled. Orthoxylene also undergoes absorption by 
the sulphuric acid employed, and hence the refined product contains a 
comparatively small proportion of this hydrocarbon, the same reaction 
having prevented its recognition in coal-tar until recently. Thioxene, 
or dimethylthiophen, CoHsS, if present, will also be absorbed by 
treatment with sulphuric acid. On the other hand, metaxylene 
hexahydrides and homologues behave in all essential respects like 
paraffins. 

Of all these constituents of commercial xylene, the metaxylene is 
the only one of value, even its 2 isomers being useless. If the meta- 
xyene contain even a few units % of orthoxylene, on converting it 
into the nitro-derivative, and this into xylidine, tarry matters are 
formed which are a serious inconvenience in practice. 

The table on page 218 shows some points of difference between the 
xylenes. The reagents named are prepared as follows: 

Chromic Acid Mixture.—A solution of 8 grm. of potassium dichro- 
mate in a mixture of 10 grm. of sulphuric acid and 90 c.c. of water. 

Diluted Nitric Acid.—Nitric acid (sp. gr. 1.4), diluted with twice 
its volume of water. 

Nitric-sulphuric Acid Mixture-—Equal measures of fuming nitric 
acid (sp. gr. 1.5) and concentrated sulphuric acid are mixed and al- 
lowed to cool. 

The first 2 reagents are applied by boiling the hydrocarbon with 
excess under an inverted condenser for several hours. For oxidation 
of metaxylene a temperature of 150° is desirable. 

The nitric-sulphuric acid mixture is used cold, the hydrocarbon 
being gradually added and the product allowed to stand some hours. 
It is then poured into an excess of water, the liquid passed through a 
wet filter, the separated nitro-derivatives recrystallised from boiling 
alcohol and examined under the microscope. 

' The following method for the assay of commercial xylene is due to 
J. M. Crafts (Compt. rend., 114 (1892), I1Io. 
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A weighed amount of the sample (10 to 20 grm.) is poured on 2.5 
times its weight of concentrated sulphuric acid in a tube of hard glass. 
The depth of the xylene layer in millimetres is noted, the tube is 
sealed and heated to 120°, with occasional violent shaking. The tube 
is allowed to cool, opened, 3 or 4 measures of a mixture of equal parts 
of hydrochloric acid and water added, the mixture shaken well and 
allowed to stand for an hour at room temperature. An insoluble layer 
of saturated hydrocarbons is formed. This is measured and separated 
in a separatory funnel, the solvent acid returned to the tube, which is 

‘ resealed and heated to 122° for 20 hours. By this treatment 97% of the 
1-3-xylene forms a layer, which can be measured, and after separation 
distilled and weighed. A small amount of impurity is removed by dis- 
tillation. The 1-2- and 1-4-xylenesulphonic acids undergo but little 
decomposition at 122°, but at 175° the hydrocarbons are regenerated. 
If these be dissolved in 3 parts of concentrated sulphuric acid, the 
solution cooled, and 1 part of concentrated hydrochloric acid added, 
1-4-xylenesulphonic acid is thrown down in crystals, which should be 
collected on an asbestos filter, washed with concentrated hydrochloric 
acid until the washings no longer react with barium chloride, and the 
precipitate allowed to dry in the air to constant weight. The crystals 
have the composition (CsH,SO,H),+3H,O; the weight multiplied by 
0.4977 gives the xylene. For direct estimation of 1-2-xylene, Levin- 

. steint advises the following method: 100 c.c. of the sample are shaken 

thoroughly with 120 c.c. cold concentrated sulphuric acid until no 
further solution of hydrocarbons occurs. It is best to cool the mixture. 

The 1-2- and 1-3-xylenes are converted into sulphonic acids, but the 

1-4-xylene is unaffected and separates unchanged. ‘The acid liquid 
containing the 2 sulphonic acids is then separated, and these con- 
verted into their calcium and then into their sodium salts. On con- 
centrating the solution of the latter, sodium 1-2-xylenesulphonate will 
crystallise in large, flat prisms, while the 1-3-salt remains in solution. 

The mother liquor should be further concentrated, when a second crop 

of crystals will be obtained. Both crops are purified by resolution and 
recrystallisation. The indistinct crystals of the 1-3-form are readily 
distinguished from the large, well-defined crystals of the 1-2-salt from 

English crude xylols. That from Scotch products crystallises far less 

readily, probably owing to an admixture of some foreign sulphonate. 

Crystallised sodium 1-2-xylenesulphonate contains Cs6H,(CH;) SO ,Na 

+sH,O. Itis dried by pressure between folds of filter-paper, and then 
1]. Soc. Chem., Ind., 1884, 77. 
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over sulphuric acid, when it can be weighed, if desired. The xylene 
can be regenerated by adding excess of sulphuric acid and distilling in a 
current of steam at 120° to 150°. 

It might be preferable to saturate the acid liquid with barium 
hydroxide solution, filter from the sulphate, and crystallise the sul- 
phonates from the filtrate. Barium 1-2-xylenesulphonate crystal- 
lises in large, nacreous lamine, requiring 3 parts of boiling water or 18 
parts of cold water for solution. 

Samples 2 and 5 were analysed independently by the same methods 
by A. Rademacher, with the following results: 


Number 1-2-xylene I-3-xylene | 1-4-xylene Paraffins 
| | 
2 14.5 81 3 as 
8 8 
5 3 { 86:5 | 4.5 { 6 


The following figures were obtained by Levinstein, but partly by 
methods different from those above described: 


Percentage of 
ae Sp. gr. | Distilling 
No. Origin of sample Ati 20° degrees: _ = on “ 
‘ xy- xy- xy- fins 
lene lene lene | BBS 
I From Manchester tar....... 0.8629 134-140 4 87 6 3 
2 From English tar...20..2 <<. 0.8660 | 138-141 I5 79 3 3 
3 Exrom! Scotclt tars.ci..04. <0 0.8574 | 134-140 r2 72 8 8 
4 From mixed English and| 0.8605 | 134-141 3 81 Io 6 
Scotch tars. 
5 From mixed English and| ...... I 40-141 5 86 3 6 
Scotch tars. 
6 Ul rallsstn Wath a ere isechavanseeraie cestararstar al area es I39-I41 15 70 5 Io 
7 Pure metaxylene isolated by| 0.8668 | 142-143 ° Io0o ° ° 
dilute nitric acid, etc. 
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In the first distillation of coal-tar 2 fractions are obtained, known 
respectively ‘as ‘‘first light oils” and ‘‘second light oils.’”’ Sometimes 
they are not collected separately, in which case the fraction is known as 
“crude naphtha” or “‘light oil.” Good ‘first light oils” or “first 
runnings”’ ought, on redistillation, to yield 10% below 1oo° and an 
average of 78% below 170°. On again distilling the fraction collected 
under 130° fully 25% should come over under 100°. ‘Second light 
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oils” should have a density of about 0.975. It yields but little distillate 
below 120° and about 30% below 170°. 

Crude coal-tar naphtha is a more or less fluorescent liquid, of a 
dark coffee colour and disagreeable odour. It has a density of 0.840 to 
0.940, or even higher, and evolves ammonia abundantly on distillation. 
It is an extremely complex product, as will be seen on reference to the 
table on page 198. Many or all of the bodies boiling below 
about 220° are sometimes present simultaneously. The sp. gr. of crude 
naphthas of London make usually ranges between 0.883 and 0.888, and 
that of Scotch naphthas from 0.868 to 0.876, but the density is some- 
times considerably outside these limits. 

Crude naphtha is usually submitted to redistillation without previous 
chemical treatment, the resultant products being ‘“‘once run naph- 
tha” and “last runnings.”* By some distillers an intermediate 
product is obtained, termed ‘‘medium naphtha.” It is the fraction 
of the crude naphtha which on redistillation passes over between 160° 
and 180°. Benzene can be isolated in small quantity even from this 
fraction by the use of a dephlegmating arrangement. 

Once-run naphtha is a fluid of a more or less amber-yellow colour, 
and a sp. gr. ranging from 0.886 to 0.892. The method of assaying 
once-run naphtha by distillation is described on page 207 et seq. 

Before redistilling once-run naphtha on a large scale it is purified 
by treatment with sulphuric acid of 1.845 sp. gr. This removes the 
bases, hydrocarbons of the olefine and acetylene series, and some of the 
higher homologues of benzene. A subsequent treatment with lime or 
sodium hydroxide eliminates the phenols and any other bodies of acid 
character. The oil is then washed with water and again distilled. 

Once-run naphtha is the starting-point from which the manufacturer 
derives, by fractional distillation, the following products: 100% 
benzol; 90% benzol; 50 and 90% benzol (called ‘50/90 benzol’’); 
30% benzol; solvent naphtha; burning naphtha; and a further quan- 
tity of last runnings. Each of these products has distinctive characters 
by which it is known and recognised commercially. In addition, 
benzene, toluene, and xylene are now manufactured on the commercial 
scale in a condition of high purity. 


1“Last runnings’’ are highly charged with naphthalene, and find an application as a 
common burning oil in street vapour-lamps. A sample examined by B. Nickels gave, on 
fractional distillation, 10% at 142°; 20 at 146°; 30 at 151°; goat 157°; 50 at 164°; 60 at 170°; 
70 at 179°; 80 at 191°; and go at 209°. When 70% had passed over, naphthalene appeared 
in quantity. By repeated fractioning, evidence of the presence of toluene and xylene was 
obtained. 
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Burning naphtha is a product similar to “last runnings,” but 
results from a second distillation. It should have a sp. gr. of 0.880 
to 0.887, and should give 20 to 30% over at 150°, and go at 170°. 

Solvent naphtha is so called from its wide application as a solvent 
for india-rubber in the manufacture of waterproof articles. It is 
also used for washing crude anthracene. It gives from 8 to 30% of 
distillate below 130°, and about 90 below 160°. The sp. gr. should 
not exceed 0.875. Solvent naphtha has a complex and variable 
composition, but consists chiefly of isomeric xylenes and cumenes, 
with a notable proportion of paraffins, and sometimes several units% 
of naphthalene, the last constituent being considered very objection- 
able. Formerly, solvent naphtha comprised the whole of the fraction 
from the redistillation of once-run naphtha passing over above the 
benzols and below 160°, but when a demand arose for xylene as a 
separate product, much of it was removed, with the result of rendering 
the residual solvent naphtha less suitable for its intended purpose. 

Carburreting naphtha is a product consisting chiefly of xylenes. 
It is usually specified as giving at least 70% of distillate at 130° and 
go at 150°, the sp. gr. ranging from 0.850 to 0.870. 

Commercial Benzols.—In commerce, the term “‘benzol”’ is applied 
generically to the more volatile portions of redistilled coal-tar naphtha. 
It is a convenient name to indicate this more or less complex liquid, 
consisting chiefly of benzene and its homologues; while the use of the 
term ‘“‘benzene”’ should be restricted to the definite hydrocarbon of 
the formula Co6He. 

Commercial benzols consist essentially of mixtures of very variable 
proportions of benzene and its homologues, together with: smaller 
percentages of carbon disulphide; certain light hydrocarbons tech- 
nically known as “‘petroleum,” and which are incapable of nitration, 
consisting largely of pentene; thiophene and its homologues; traces of 
water; acetylene, and probably homologues; and impurities of an 
indefinite nature. 

The light hydrocarbons diminish the yield of colouring matte: from 
the aniline made trom the benzols containing them, and, if present 
in considerable proportion, render the process of nitration irregular 
and even dangerous. Carbon disulphide is a somewhat troublesome 
impurity, and is difficult to get rid of by ordinary means. 

The details of the method of effecting the assay of benzols are given 
on pages 209, 230 ef seg. According to the behaviour of the sample 
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when distilled, it is classed as 100% benzol, 90% benzol, 50% benzol, 
or 30% benzol. 

90% Benzol is a product of which 90% by volume distils before 
the thermometer rises above 100°. A good sample should not begin 
to distil wnder 80°, and should not yield more than 20 to 30% at 
85°, or much more than 90% at 100°. It should wholly distil below 
120°. An excessive distillate—e. g., 35 to 40% at 85°—indicates a 
larger proportion of carbon disulphide or light hydrocarbons than is 
desirable. The actual percentage composition of a 90% benzol of 
good quality is about 70 of benzene, 24 of toluene (including a little 
xylene), and 4 to 6 of carbon disulphide and light hydrocarbons. The 
proportion of real benzene may fall as low as 60 or rise as high as 
75%. 90% benzol should be colourless (‘‘water-white’’), and free 
from opalescence. 

The sp. gr. of English 90% benzols ranges from 0.880 to 0.888 
at 15.5°, but the figure is no indication of the quality. of a sample, 
owing to the presence of carbon disulphide and light hydrocarbons, 
which, from their high volatility, become concentrated in this class 
of benzol. Since carbon disulphide has a sp. gr. of 1.27 and the 
light hydrocarbons (‘‘petroleum’’) average 0.860, the 2 may in 
certain proportions exactly compensate and be without effect on the 
sp. gr. of the product. Watson Smith examined a go% benzol which 
had a sp. gr. of o.goo and contained 6% of carbon disulphide. 
After removing this impurity the sp. gr. of the benzol fell to 0. 880. 

Scotch go% benzols contain but little carbon disulphide, but a con- 
siderable proportion (7 to 8%) of light hydrocarbons; hence the sp. gr. 
is often as low as 0.870 or even less. The first 20% distilled from such 
a sample may have a density of 0.866; while the residual 80% will be as 
dense as 0.872. The low density of the first fraction here distinctly 
indicates ‘‘ petroleum,” and not carbon disulphide, as the predominant 
impurity. By eliminating the carbon disulphide from 90% benzol in 
the manner described on page 226, the anomaly in the sp. gr. almost 
disappears, and the interpretation of the results of the fractional dis- 
tillation becomes much simpler. ‘The sp. gr. is about 0.880 to 0.882. 
The sp. gr. of the United States go% benzols is about 0.879 to 0.882. 

C. P. crystallisable and 100% benzol are products made in the 
United States. The first mentioned is very nearly pure benzene and 
can be crystallised by chilling to 50°... On distillation by the method de- 
scribed on page 208 it should all pass over within 2° (distilled to 
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dryness). The reviser of this edition has found that 90% will often 
distil over within 1/2° if the vapours in the bulb are carefully protected 
against superheating. The sp. gr. should be 0.882-0.884. The 100% 
benzol is a product which all distils below roo®. The chief constituent 
other than benzene is toluene. 

50% benzol, often called 50/90 benzol, a product of which 50% by 
volume distils over at a temperature not exceeding 100°, and 40% more 
(making go in all) below 120°. It should wholly distil below 130°. 
The density of English 50% benzol is about 0.878 to 0.880 of Scotch 
0.867 to 0.872 and of the United States 50% 0.870 to 0.876. This class 
of benzol is nearly free from carbon disulphide, and contains com- 
paratively little of the light hydrocarbons, while the proportion of 
toluene and xylene is, of course, larger than in 90% benzol. 50/90 
benzol is employed for producing the heavy aniline used for preparing 
rosaniline or magenta. 

In the case of a benzol of intermediate character, the proportions 
of 90% and 50% benzol to which it corresponds may be found by the 
following rule: Deduct 50 from the percentage-volume of the sample 
distilling below 100°, and multiply the difference by 2.5. The product 
gives the percentage of 90% benzol in the sample, the difference be- 
tween this and too being the proportion of 50% benzol. Thus, a 
benzol giving 64% over below 100° corresponds to a mixture of 35 parts 
of 90% benzol with 65 parts of 50/90 benzol; for: 


64—50=14; 14X%2.5=35; and 100—35=65. 


For English benzols the rule is accurate to 1%. 

30% benzol is a product of which 30% distils below 100°, about 60% 
more passing over between 100° and 120°. It consists chiefly of 
toluene and xylene, with smaller proportions of benzene, cumene, etc. 
The sp. gr. should be about 0.875. 

For the manufacture of aniline-red, magenta, or fuchsine, a benzol is 
required which will yield (by nitrofication and subsequent reduction) 
an aniline oil of which 3/4 distils between 180° and 190°, and the re- 
mainder between 190° and 215°. Such an aniline oil is producible 
from a benzol of which 3/4 passes over between 80° and 100°, and the 
rest between 100° and 130°. For the manufacture of methyl-violet, on 
the contrary, an aniline as free as possible from higher homologues is 
required, and this must be made from a benzol which almost wholly 
distils below 83° or 84°. For xylidine-red an aniline oil derived from 
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benzols boiling above 115° or 120° is required, but it is often found 
preferable to prepare this by fractionating an ordinary aniline oil rather 
than to employ a benzol of specially high b. p. for the purpose. The 
commercially pure xylene and toluene now extensively manufactured 
have, to a great extent, replaced the high boiling ‘“‘benzols” formerly 
employed. 

The “benzol” of the British Pharmacopceia (1898) is defined as a 
mixture of about 70% of benzene and 20 to 30% of toluene, having a 
sp. gr. of from 0.880 to 0.888. It should begin to distil at 80°; 90% 
should pass over below 1roo° and should wholly distil below 120°. 

The benzol of the United States Pharmacopceia is pure benzene or, 
approximately, the Benzol C. P. crystallisables described on page 223. 
“Benzene, CeH6, is a colourless, transparent liquid of a peculiar, 
aromatic odour, sp. gr. 0.871 at 25°, congealing at 5.2°, and boiling at 
80.4°. It is insoluble in water, but soluble in 4 parts of alcohol and 
in ether. When equal volumes of benzene and concentrated sulphuric 
acid are mixed, the latter should not become coloured. On shaking 
2 c.c. of benzene with o.5 c.c. of sulphuric acid and 1 drop of fuming 
nitric acid, no green or blue tint should be produced (absence of 
thiophene). 

Assay of Commercial Benzols and Naphthas.—The observations 
of importance in judging of the quality of a commercial benzol or 
naphtha are, in addition to the appearance and smell of the sample: 
its sp. gr. its behaviour with concentrated sulphuric acid; the proportion 
of carbon disulphide; the proportion of the light hydrocarbons, techni- 
cally known as ‘“‘petroleum”’; the proportion of nitratable hydrocar- 
bons; and its behaviour on fractional distillation. In the case of com- 
mercial xylols, the proportion of metaxylene should be ascertained in 
the manner directed on pages 219 and 220. 

Commercial 90% benzol should not be diminished in volume by more 
than 1/2% when agitated with 5% by measure of cold concentrated 
sulphuric acid. For a more stringent test, applicable to commercially 
pure benzene, see page 209. 

Water, if present in such quantity as to render the sample turbid, 
must be got rid of prior to any further process of assay. ‘This may be 
done sufficiently perfectly by passing the liquid through a dry filter. 
A complete elimination of the water may be easily effected by agitat- 
ing the sample with a little recently gently ignited plaster of Paris, and 
filtering. The dehydration is almost instantaneous. If a known 
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weight of plaster be employed, and it be afterward washed with a 
little gasolene, dried at a gentle heat, and reweighed, a determination 
of the amount of the water may be readily effected. 

Carbon disulphide often exists in very sensible quantity in crude 
and once-run naphtha, and in 90% benzol. From the less volatile 
classes of benzol it is usually absent. Its presence is important only in 
100% and 90% benzol. Carbon disulphide may be detected by a 
method of Votocek and Votmessil (Chem. Zeit. Rep., 25, p. 275 (1901)). 
Hofmann’s reaction, CS,+2CsH,NH,=CS(NHC¢H;).+H.S, is the 
basis of this test. In the presence of ammonia the reaction is said to 
proceed rapidly, requiring about 15 minutes for the completion of the 
test. The ammonium sulphide is detected by the nitroprusside re- 
action. According to Lunge (“Coal-tar and Ammonia,” 3d Ed., p. 614), 
the best test for carbon disulphide is the phenylhydrazine test, as 
follows: to c.c. of the benzol is agitated with 4 or 5 dropsof phenyl- 
hydrazine for 1 to 1 1/2 hours. With 0.2% CS, a thick precipitate 
forms, but even with 0.03% the precipitate is easily seen. 

The presence of carbon disulphide raises the gravity of benzols con- 
siderably, as is shown on page 228. Other simple methods of de- 
tecting CS, are the formation of crystals of potassium xanthate with 
alcoholic potash and the formation of ammonium thiocyanate with 
alcoholic ammonia. This is found by agitating with ferric chloride 
to give a blood-red colour. Carbon disulphide may be eliminated from 
benzol, and its amount determined with a near approach to accuracy, 
by the following method devised by B. Nickels:* 100 c.c. measure of 
the sample of benzol (preferably dehydrated with plaster of Paris, as 
above described) is treated with a solution of 1 grm. of potassium 
hydroxide in the smallest possible quantity (about 20 c.c.) of hot 
absolute alcohol, and the mixture agitated thoroughly. If carbon 
disulphide be present, a yellow colour is usually developed, and the 
mixture becomes pasty from the formation and separation of potas- 
sium xanthate in crystals of a characteristic silky appearance. The 
mixture is shaken at intervals during half an hour, and is then passed 
through a dry filter. The adhering benzol is separated as far as 
possible from the precipitated xanthate by carefully folding the filter 
and pressing it against the sides of the funnel by means of a spatula. 
The filtrate is agitated in a cylindrical separator with its own volume 
of warm water, which removes the excess of alcohol and a little dis- 


1 Chem. News, 43 (1881), 148, 250, and 52 (188s), 170. 
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solved xanthate. If the purified benzol is to be submitted to distilla- 
tion, it is preferable to operate on at least 200 c.c. of the sample, and 
treat it a second time with the alcoholic solution of potassium hydroxide, 
before treating it with water. The aqueous liquid is run off, and the 
benzol again agitated with its own measure of cold water, after the re- 
moval of which it may be dehydrated with plaster, and then further 
examined by fractional distillation. 

The potassium xanthate collected on the filter is washed with a 
little ether, dried at 100°, and weighed. Preferably, it is dissolved 
in alcohol, the washings from the treated benzol added, and the united 
solution obtained rendered slightly acid with acetic acid. On adding 
a solution of copper sulphate, a brownish precipitate of cupric xanthate 
is formed, rapidly changing to bright yellow cuprous xanthate, 
CuC,H,(CO)S,, insoluble in water and dilute acids. The cuprous 
xanthate may be collected on a filter, washed, ignited in the air, and 
weighed as CuO; or the cupric oxide may be ignited with sulphur in 
hydrogen, and thus converted into cuprous sulphide. The weight of 
CuO or Cu,S obtained, divided by 0.523, gives that of the carbon 
disulphide in the sample operated upon. 

Instead of weighing the cuprous xanthate, H. Macagno (Chem. 
News, 13 (1866), 138) titrates the acidified solution of potassium 
xanthate with a solution of cupric sulphate containing 12.47 grm. 
of the crystallised salt per litre. The end of the reaction is indicated 
by the brown colour produced when a drop of the liquid taken out 
with a glass rod is added to a drop of potassium ferrocyanide solution 
on a porcelain plate. 1 c.c. of the above cupric sulphate solution 
corresponds to 0.0076 grm. of carbon disulphide.* 

A method of estimating CS, that has proven satisfactory in the 


1 Macagno’s figures, both gravimetric and volumetric, correspond approximately to 
the ratio Cu: 2CSe. This ratio would be readily explicable if the reaction resulted in the 
formation of cupric xanthate, (C2Hs.0.CS.S)2Cu; but as the main product is cuprous 
xanthate, it follows that reduction of the copper occurs, and this must be accompanied 
with corresponding oxidation of a portion of the xanthate. According to H. Debus, the 
yellow precipitate is a compound of cupric xanthate with cuprous sulphide, but this is 
very improbable. The copper salt of the acid C2Hs.0.CO.SH is also said to be formed 
together with other products. It is certain that the reaction is very complex and requires 
further investigation. Experiments made by A. R. Tankard have shown that the ratio 
Cu : 2CSe is roughly correct, whether the determination be made by titrating with decinor- 
mal cupric sulphate or by weighing the cuprous sulphide left on igniting the precipitate 
with sulphur; provided that the copper solution is added immediately after acidifying 
the xanthate solution, since the free xanthic acid decomposes very rapidly. If the precipi- 
tation be conducted in alcoholic solution and the precipitate washed with alcohol, a sub- 
stance is removed which otherwise remains in the precipitate. On diluting the filtrate with 
water, this body is thrown down in a state of very fine division. It appears to consist, in 
part at least, of sulphur. From the presence of this and probably of other impurities in the 
precipitate, this should not be directly weighed. If precipitated from aqueous liquids, 
it contains the body above referred to, and if thrown down from alcoholic solution, it is 
contaminated with potassium sulphate, which might be removed by washing with water. 
The process is useful, but the results are not strictly accurate.—A. H. A. 
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works of the Barrett Manufacturing Co. and communicated to the 
reviser prior to publication is as fullows: Take 5 to ro grm. of benzol 
in a weighing bottle of 50 c.c. capacity, add 2.5 c.c. of a saturated 
solution of potassium hydroxide in absolute alcohol and warm at 60° for 
rt hour, using a return-flow condenser. Then wash out into a beaker 
with warm water and heat on a water-bath until excess of benzol is 
expelled. The CS, has now been converted into potassium xanthate. 
Add potassium hydroxide and bromine water in large excess and warm 
until oxidation is complete and the solution is perfectly clear. Then 
acidify with HCl, boil off the excess of bromine and estimate the 
sulphur as BaSO, in the usual way. This method is claimed to give 
results that are quite accurate and is simple to carry out. 

Commercial 50% benzol sometimes contains 0.1% of pyridine and 
the toluene made from this 0.25%. This pyridine and any other 
basic substances may be removed by agitating with 10% sulphuric acid. 
On making this acid extract alkaline with sodium hydroxide, pyridine, 
etc., may be extracted by means of ether or distilled with steam. 

An easily carried out procedure for the estimation of carbon di- 
sulphide in benzene is given by I. Bay (Compt. rend., 146, 132 (1908)): 
Phenylhydrazine is added to the benzene, forming a precipitate of 
phenylhydrazine, phenyl thiocarbozate, CS,(C,H.NH.NH,),. This 
method is said to give reliable results if the analysis is completed 
in the course of a day. The precipitation is complete in 2 or 3 hours. 
The substance is collected on a tared double filter-paper, washed with 
pure benzene and dried in a vacuum desiccator. 

The change in density which results from the elimination of the 
carbon disulphide from a benzol is very noticeable. Thus, in the 
case of a sample which would be conveniently classified as a ‘‘light 
go%”’ there will be an entire removal of the previous alliaceous odour; 
a diminution of density from 0.885 to 0.882 or 0.880, according to the 
amount of carbon disulphide which has been removed; and a disap- 
pearance of the abnormally large proportion of liquid distilling below 
85°, the reduction in this respect being from 30% or more down to 12%. 

The proportion of carbon disulphide eliminated by treatment with 
alcoholic potassium hydroxide has been proved by B. Nickels to be 
indicated with a considerable approach to accuracy by the reduction 
in the sp. gr. of the sample, thus: 


1% by volume of carbon disulphide raises the sp. gr. by 0.0033 
2% by volume of carbon disulphide raises the sp. gr. by 0.0065 
3% by volume of carbon disulphide raises the sp. gr. by 0.0093 
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The sp. gr. of benzol is not readily determined by the bottle, owing 
to its high coefficient of expansion. A delicate hydrometer may be 
used, but the Westphal balance is specially suitable for such determi- 
nations. As the sp. gr. of hydrocarbons of the benzene series de- 
creases with the increase in the number of carbon atoms and the b. p. 
rises, low volatility corresponds with a low sp. gr., though such samples 
are technically called ‘heavy benzols.”’ 

Instead of determining the light hydrocarbons, it is sometimes of 
interest to ascertain the proportion of true benzene and its homo- 
logues by converting them into nitro-compounds. To effect this, 
J. von Hohenhausen proceeds in the following manner: A mixture is 
made of 150 grm. of nitric acid of 1.40 sp. gr. with 200 grm. of sulphuric 
acid of 1.845 sp. gr. When quite cold, this is gradually added through 
a tapped funnel to 100 grm. of the sample of benzol contained in a 
500 c.c. flask. The liquids are well mixed by agitating the flask be- 
tween each addition, and cooled if they become warm. When the 
whole of the acid has been added and the contents of the flask have 
become cold, the nitrobenzene is separated from the acid, washed 
several times by agitation with a dilute solution of sodium hydroxide 
and subsequently with water, the latter allowed to separate com- 
pletely, and the nitrobenzol produced weighed. A good quality of 
benzene should not get hot immediately a small portion of the acid is 
added to it. 100 parts by weight of an English 90% benzol of fair 
average quality yield not less than 150 parts of well-washed nitro- 
benzene, while some Scotch benzenes do not give more than 135 parts. 
The nitrobenzene produced should be further examined by fractionally 
distilling it, when the last 2% in the retort should remain liquid after 
cooling. If 100 c.c. of the nitrobenzol be distilled, and the first 
30 c.c. of distillate be treated with 70 c.c. of concentrated sulphuric 
acid, the nitrobenzene and its homologues will dissolve in the acid, 
while all the unnitrated hydrocarbons will separate. This layer 
should be again treated with the mixture of sulphuric and _ nitric 
acids, when the presence of previously unchanged benzene will be in- 
dicated by a rise of temperature. The acid is tapped off, the residual 
hydrocarbons again treated with strong sulphuric acid, and their 
volume observed. 

Fractional Distillation of Benzols and Naphthas.—The 
reviser believes the distillation test as carried out in the United 
States (page 208) is much preferable to the following tests, which 
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must be given, however, for the benefit of purchasers who buy on 
such bases. 

A fractional distillation in some specified manner is a method of 
very general application for the commercial assay of benzols and 
allied products, and, if carefully conducted, and the results inter- 
preted in connection with the sp. gr. and chemical tests, the process 
affords very satisfactory indications. These indications, however, are 
of a purely arbitrary character, and, unless the prescribed conditions 
of manipulation be rigidly adhered to, great discrepancies result. 
Thus, the barometric pressure, the rapidity of the distillation, the size 
and shape of the retort, the position of the thermometer bulb, and even 
its shape and length, are all more or less important factors in the result 
obtained. On this account it is usual in contract notes to specify 
minutely the mode in which the test is to be made, and the slightest 
departure from the prescribed directions may invalidate the contract. 

Ordinary Retort Test.—The following ‘‘mode of test” is taken 
verbatim from a form of contract note largely employed in commer- 
cial benzol transactions: ‘‘A quantity of 1too c.c. to be distilled in 
a glass retort of a capacity of 200 c.c.; bulb of thermometer to be 
placed 3/8 in. from bottom of retort; distillation to be made over 
a naked flame, and at such a speed that the distillate shall not pass 
over in a stream, but as quickly as it can drop in separate particles. 
Any deficiency in quantity arising from evaporation or other natural 
causes during the operation to be added to the product at each point, 
and proper allowance to be made (if necessary) for the observed read- 
ing of the barometer.” 

The proportion by volume of the sample which passes over below 
and at a given temperature is called the “strength” of the sample 
at that temperature. For crude naphtha it is usually sufficient to 
note the volume distilling below 120°; in the examination of once-run 
naphtha, an observation of the volume distilling below 160° is also 
made; in the case of go% benzols the volumes distilled are noted at 84° 
or 85°, and again at 100°; while with 50 and 30% benzols the tempera- 
tures noted are 100° and 120°. 

The very great majority of parcels of benzol and naphtha sold 
in Great Britain are bought, or are supposed to be bought, on the above 
test; the results obtained by competent operators understanding the 
test agree closely, the variations rarely exceeding 1.5%. 

The following is the best mode of conducting the ordinary retort 
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test so as to ensure results which are constant and which can be 
trusted to be as accurate as the process admits. The instructions 
given apply to the assay of a 90% benzol. The temperature to be 
observed must, of course, be modified according to the contract note 
or to the nature of the product under treatment: 

100 c.c. of the sample are measured in an accurately graduated 
cylinder, and poured thence into a tubulated retort of such a size as to 
be capable of containing 200 c.c. or 8 fluid ounces, when placed in the 
ordinary position for distillation. The retort should be previously 
rinsed with some of the sample to be tested, or a little may be distilled 
in it, and the residue carefully drained out. A delicate thermometer 
is fitted in the tubulure of the retort by a cork, so that it may be verti- 
cal and the lower end of the bulb be 3/8 in. distance from the 
bottom of the retort.‘ The neck of the retort is then inserted into the 
inner tube of a Liebig condenser, and pushed down as far as it will go. 
The condenser should be from 15 to 18 in. in length, and well supplied 
with cold water. The neck of the retort should not project too far into 
the condenser; if necessary, it should be cut short. No cork or other 
connection is necessary between the retort-neck and condenser-tube. 
Before use, the tube of the condenser should be rinsed with a little of 
the sample, and allowed to drain, or some of the benzol may be sprayed 
through it. The graduated cylinder employed for measuring out 
the sample is next placed under the further end of the condenser tube 
in such a manner as to catch all the distillate, while allowing it to drop 
freely. The retort is then heated by the naked flame of a Bunsen 
burner.? The flame should be small, about the size and shape of a 
filbert, and when the distillation of the benzol commences, must be so 
regulated that the condensed liquid shall fall rapidly in distinct drops, 
not in a trickle or a continuous stream. 

When the distillation commences, the flame is regulated, if neces- 
sary, and the rise of the thermometer carefully watched. The moment 
it registers a temperature of 85% the flame is extinguished. 4 or 5 
minutes are allowed for the liquid in the condenser to drain into the 
measuring cylinder, and then the volume of the distillate is carefully 


1The thermometer should be 14 in. long; the bulb sufficiently small to ensure its 
remaining well immersed in the boiling liquid; the first marking or division at 70°, which 
point should be well out of the tubulure of the retort; and the graduation should be continued 
up to 130° in benzol-testing. Instruments guaranteed to o.1 degree, and constructed in the 
manner above detailed, are now obtainable. : 3 

2The burner should be furnished with an air-regulator working automatically with 
each movement of the tap, and should be surrounded with a cylinder to exclude currents 
of air. The lamp should be placed in a deep tin basin containing sand or saw-dust, in order 
to absorb the benzol in the event of the retort cracking. 
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read off and recorded. The lamp is then relighted and the distillation 
continued till the thermometer rises to 100°, when the gas is turned off 
as before, and the volume of the distillate read off, after allowing time 
for drainage. The residual liquid in the retort is allowed to cool, and 
is then poured, to the last drop, into the measuring cylinder. A 
deficiency from the roo c.c. originally taken will generally be observed. 
This is the loss arising “‘from evaporation or other natural causes,” 
referred to in the contract note. 

The difference between the collective volume after distillation and 
that of the original sample is to be added to the measure of the dis- 
tillate collected at each temperature, and the corrected volumes re- 
ported as the “‘strength” of the benzol examined. 

Thus, if by distilling 100 c.c. of a benzol there were obtained 20 c.c. 
at 85° and go c.c. at 100°, and the total liquid mixed after distillation 
measured gg c.c., the difference between that and 100 c.c.—1. €., I ¢.c.— 
must be added to the yields at 85° and 100°, respectively, making the 
corrected figures.21% at 85° and g1 at 100°. Asa matter of fact, the 
loss of volume by distillation is due far more to expulsion of acetylene 
and other gases than to actual loss of benzol. 

In benzol-testing it is very desirable to observe the barometric 
pressure before making an experiment and to modify the manipulation 
accordingly. A difference of x in. in the height of the barometer 
makes a difference of about 1° in the b. p. of a benzol. Hence, if the 
barometer registers 29.5 in. instead of 30 in., the gas should be extin- 
guished so that the thermometer may show a mean temperature of 
99.5° instead of 100°. 

The foregoing method of testing benzols is admittedly crude and 
unscientific, but its indications are well understood; and for a time 
it sufficed for the technical examinations required. Now, however, 
that a demand has arisen for practically pure benzene, toluene, and 
xylene, the value of the crude products depends on their content of 
these hydrocarbons, and hence there is need to replace the test by 
others giving absolute results. 

Modified Retort Test.—A preferable plan to observing the volume 


1 Tt is found in practice that, if the light be turned out exactly when the thermometer 
registers the required temperature, the mercury subsequently rises to an extent varying 
from 1/2 to fully x degree. With a little experience with a thermometer the range of this 
“after-rise’’ will become known, and in subsequent operations the lamp should be turned 
out when the mercury is as much below the required temperature as it is expected afterward 
to rise above it. Thus, if the after-rise of a thermometer has been found to be 1°, the gas 
should be turned out when the instrument registers 84.5° instead of 85°, as it will subse- 

quently rise to 85 .5°, and hence 85° may be considered to be the mean reading. 
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of distillate obtained at 1 or 2 temperatures only is to note the height 
of the thermometer at every 5 or 10 c.c. of liquid which passes over. 

Bulb-tube Test.—When there is no contract note to describe the 
mode of conducting the distillation, it is very much better to substitute 
for the simple retort a flask fitted with some form of dephlegmator. 
A very useful arrangement of this kind is that of Le Bel and Henninger 
(see Vol, 1, page 20), which consists of a number of bulbs, varying 
from 2 to 6, blown upon a tube, which is fitted by means of a cork to 
an 8-oz. flask containing the liquid to be distilled. The upper end of 
the tube is furnished with a tubulure, which can be fitted by a cork 
to a Liebig condenser, and with an orifice into which a thermometer 
can be fitted so as to observe the temperature of the vapour which 
passes over. Each of the bulbs is connected with the one below by a 
small side-tube. In the constriction of each bulb is placed a little 
cup of platinum- or copper-gauze, of the size and shape of a small 
thimble. These cups are made by folding the gauze over the end 
of a stout glass rod. The ascending vapour condenses in the cups, 
and thus serves to wash the vapour subsequently -as it bubbles 
through. When the liquid rises to a certain height in each bulb, it 
runs off by the side-tube, and ultimately finds its way back to the dis- 
tilling flask, the flame under which is so regulated as to keep all the 
cups full and cause the distillate to fall in separate drops. 

In the improved from of dephlegmator, devised by Glynsky, the 
wire-gauze is replaced by hollow balls of glass, introduced into the 
bulbs during manufacture. 

Hempel substitutes for the more complex apparatus of Henninger 
and Glynsky a long glass tube arranged vertically and filled with solid 
glass beads. This simple arrangement is remarkably efficient. 

By employing a dephlegmating apparatus, greatly improved results 
are obtainable, and a complex liquid may be fractionated at one opera- 
tion into approximately pure constituents. Hence it is probable that 
the present empirical method of testing will ultimately be entirely 
superseded by the more rational process.t Almost absolutely pure 
benzene, toluene, and xylene are now articles of commerce, being 
produced on a large scale by a single apparatus based on the principle 
of the bulbed tube, known as column stills; and it will be necessary to 


1 The use of a dephlegmator in fractionating benzols is universal in German laboratories, 
tubes having as many as 12 bulbs on the same stem being sometimes employed. 1000 
c.c. is Sec ausnitty usually employed for this test, and the distillation is conducted in a cop- 
per vessel. 
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ascertain the.percentage composition of the benzols used in their pro- 
duction. This is approximately possible by operating with the bulb- 
apparatus, especially if the carbon disulphide be previously removed, 


but it is wholly beyond the powers of the ordinary retort." 


Cc 
. A., in 8-oz. B., Distilled 
Commarea retort, after in flask with 
90% par being purified 3-bulb 
: from CS2 apparatus 
RDTOMNSETENT ED Gis ay G icles lent ciseenssibore vor clorsistans egesats 0.884 o.881 0.881 
Firstidrop distilled at... 0.05 cceece ses 79.5° BoA a a Vetere hoe gett 
BS POMOV EL. Qbeacre.c te scale sfnie.is so) 0) el eegosaorsn cecil mame mere ailslguarcnene 84.2 81.25 
TOV OMOVEL Ale oe wed Oe eee een | eee ae 84.3 82.0 
BOT pTOVET bob A eh lon ara c inl siesta nile ete se oi Lata Gicreneaene 85.0 82.8 
POG AS ON KEENE De Sie ARE OR OA OO BAO PWS Sa tee cicvw e otetal Pil) Neveteteus etemeretattle 
BO oIOV EIA batter ae eee eis 85.0 85.8 83.0 
AOU MOVER ate ale sie elo ake chinks 85.4 86.4 83.5 
ROU DIGVELAA bl Succ oes meee One oan 86.4 87.1 84.7 
GOO pVOVEL AU ae sien ne tiehc sent eee 88.0 88.3 85.3 
PO RON CL Aab aeeee yis ta Ma ate ee ee 90.0 90.0 86.5 
SOverOver Abaseee ea eee cee oman 93.0 93.0 89.3 
DO VoL OVETRAL sae tees testa ia Risie te Aaah ence I00.0 100.0 100.0 
OSU BLOVEL AG. ER Saree eee a ree clei ll k a oe Slee II2.4 111.8 


When the original sample A was fractionated in the 3-bulb apparatus at 45°, it 
gave oily drops indicative of carbon disulphide; and these became more abundant at 60°. 
At 70°, 5 1/2% had distilled, and the thermometer rose at once to 80°. The process being 
stopped at this point, the contents of the flask were found to have decreased in density 
from 0.884 to 0.882, showing the removal of a substance heavier than benzene. That this 
was largely carbon disulphide is proved by the figures in column B, the complete removal 
of the impurity reducing the gravity and raising the b. p. When the purified sample B 
was fractionated by the 3-bulb apparatus into 20, 70, and 10% portions, they showed 
a density of 0.883, 0.885, and 0.8715, respectively. Had carbon disulphide been present, 
the first fraction would have been denser instead of lighter than benzene (sp. gr. 0.885). 
Hence the first portion of the distillate must have contained light hydrocarbons (“ petro- 
leum’’). By operating originally on 300 c.c. of the same sample, removing the carbon disul- 
phide by alcoholic potash, and several times repeating the process of fractionating with the 3- 
bulb apparatus, Nickels obtained the following results as indicative of the proximate 
analysis of the benzol tested: , 


Carbon disulphide, removed by alcoholic potash..............-.0020005 1.5% 

Light hydrocarbons, sp. gr. 0.860 (more or less non-nitrofiable; probably 
chiehy pentene and Acetonitrile) me. cn alae s hoalcl cee nciee aierens 3.5% 
Benzene, sp gr. 0.885, and distilling wholly within a range of 2°.......... 78.47% 
Molwene, sp, gro. S725, and distillange within) 2°)... .e ease orice a tls 16.6% 
100.0% 


If 400 or 500 c.c. of the sample of benzol be carefully purified from 
carbon disulphide by treatment with alcoholic potassium hydroxide and 
then fractionated with the aid of a 6-bulb tube, the light hydrocarbons 
can be concentrated in a comparatively small volume distilling between 
60° and 70°C. The lightest of these impurities have a sp. gr. of 0.760, 
and.such a product is readily obtainable by again fractionating that 
first obtained. Nickels has pointed out that if 0.760 be taken as 

1The annexed figures are communicated by Mr. B. Nickels. Column A represents 
the temperatures recorded by the thermometer when the original benzol was distilled in an 
8-oz. retort in the ordinary way; B shows the alteration produced by removing the carbon 


disulphide in the manner described on page ; 226 and C shows the results obtained when the 
purified benzol was distilled in a 3-bulbed apparatus instead of in a retort. 
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the mean sp. gr. of the light hydrocarbons, the proportion of these 
present in commercial go% benzol may be deduced with a considerable 
approach to accuracy from the sp. gr. of the sample previously purified 
from carbon disulphide. Thus a mixture of 70 measures of pure 
benzene with 30 of pure toluene (which is the proportion in which they 
usually exist in go% benzol) has a sp. gr. of 0.8805, which would 
therefore be that of the sample purified from carbon disulphide if 
no light hydrocarbons were present. Each 1% of impurity of 0.760 
sp. gr. reduces the sp. gr. of the mixture of about o.oo12. Thus the 
synthetic sample described on page 238, containing 8% of light hydro- 
carbons, had, after removal of the carbon disulphide, a sp. gr. of 
0.8710. (0.0012 X8=0.0096; and 0.8805—0.0096=0.8709; or 
0.8710 nearly.) Thiophen is not commonly present in benzol in 
sufficient proportion to affect the figures obtained as above; but if 
existing in quantity, as in some carbonisation benzols, it can be sepa- 
rated by agitating the purified sample with 1/10 of its volume of strong 
sulphuric acid before proceeding to fractionate. 

The assay of crude naphtha by distillation is not infrequently limited 
to a determination of the volume percentage obtained at a temperature 
not exceeding 120°, the operation being conducted in an ordinary 
retort (page 230). The proportion of distillate usually ranges from 
15 to 35%, according to the quality of the naphtha under examination. 
J. von Hohenhausen gives the following data as representing the dis- 
tilling points of certain typical crude coal-tar naphthas: 


Percentage of distillate 
Temperature, ° 
Wigan Yorkshire Scotland 
TROLS le aa | Sit oe en See es trae Al) allie ARCS ceeteneusieleeenetens 
IIo 4 16 I7 
120 ge) 34 38 
130 als! 47 49 
I40 MS Bao oan adoS ow Hale 58 
I50 He lat oe Bob eS.ooce 69 


Once-run naphtha may be similarly assayed. It usually yields 
from 40 to 60% of distillate below 120° when examined by the 
retort method,! and an additional 32 to 36% between 120° and 160° 

1A sample of genuine once-run naphtha yielding 50% over at 120°, when distilled ina 


retort at a rate of 120 drops per minute, should also yield 50% over below 100° when distilled 
with a bulb-tube at a rate of 100 drops per minute. 
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These products, when mixed and redistilled, should yield from 19 to 
26% over at 100°. For technical purposes the results thus obtained 
are often sufficient, and their interpretation is well understood. Lon- 
don makes generally give a good yield of 90% benzol, while Midland 
products are preferable for 50/90 benzols. The results obtained by 
fractionally distilling a sample of very good once-run naphtha are 
given below. 

A careful inspection of these results shows that crude London 
naphthas give a low yield by the retort method at 120°, as compared 
with the yield by the bulb-tube at 100°; while country naphthas give 
a yield at 120°, by the retort, not much less than, and often consider- 
ably exceeding, the yield by the bulb-tube at 100°. 

Crude naphthas of London make Ce. g., giving by retort method 17% 
at 100° and 35 at 120°) generally give a good yield of go% benzol; on 
the other hand, Midland makes (e. g., giving by retort 10% at 100° 
and 48 at 120°) are better for 50/90 benzols. 

The following figures, communicated by B. Nickels, show the 
comparative behaviour of typical samples of crude and once-run naph- 
thas when distilled in an ordinary retort and in a flask furnished with 
a bulb tube. The test may be made on 100 c.c.: 


By retort method | | By bulb-tube method 
Character of naphtha ; 
Below | From 100° | From 120°, Below | From 100° | From 120° 
I00° to 120° to r70° |) reo? to 120° to 160° 
Crude 

NG OMC GI ne sti eyereie-ctn ell sstrslatens aT caaslehatene he abi eee cere Mis eromeae 
iberalorely Gotee a oem cioerd |e reoaee 36 SO Genes ATs Mi boxecawtontetelitecsieeee 
HOniclOMenm es verso vee els halons SOe it anaes BO il Pacen% aul tones 
IPiyrmoubalsn ct. nicicccell) Alsi erse AO) Pie Scere | AS: GH cieceehhete. il aitekasieee 
AICASINICE 5 cncieticene all ose ctetene 20) % 7 WP aime | BG!) lit chasm store rR ere 
Cleckheaton......... 3 AA A Ae | 30 23 24 
Derbyshire.......... 4 43 35 | 36 20 26 
NOGOLOME MMe crt se net cases) a eroere BBs. t-te | 32 17 37 
pe Once-run | ; 

OL tak, ee Rey Se Ae Na tanren te \} BSW Native Geeta ave | I. Sate ieee 
Woridlom etre. «nlc cll ve aiewat OG) Walle ren, | Ba Mle oS erdaeaac ty al arcane eee 
GOUREPV series oe ois sl eunkersvane 60) Tian eines i Pas WERE OTC eb | L Stoo cic wo 
COUNTRY Maem erict tol iscalh carn ans {opie (Mo dene a a | BG Ne oie sincie ees, || Rae 
COANE Vireo oncritiiel| | Asa se 5B: ee ll ereeeeoereness AS MeN np emeaciscnare Ml Uacuseo een 
COMUMiry ee em a aeicil witieon.< Bah) Pollaarcnices tae AG WN cam wc eveccnse Ne eee 


G. E. Davis (J..Soc. Chem. Ind., 1885, 647) recommends the following 
method for the valuation of crude coal-tar naphthas: 200 c.c. of the 
sample are well agitated for 5 minutes with 20 c.c. of strong sulphuric 
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acid in a stoppered funnel of 300 c.c. capacity. The mixture is allowed 
to stand until the acid separates; this is run carefully so that no naphtha 
is lost. In some cases it is preferable to use 2 washings with 'success- 
ive portions of 10 c.c. of acid each. In either case the naphtha, after 
drawing off the acid as far as possible, is washed with 2 portions of 
water (30c.c. each), then 30 c.c. of 5% sodium hydroxide solution added, 
and the naphtha again washed with water. The volume of residual 
naphtha is measured, and after separating it from the washing liquid 
it is ready for distillation. Davis recommends a 200 c.c. flask with a 
thermometer and a Le Bel-Henninger or Glinsky fractionating tube, 
connected with a Liebig condenser delivering into, a graduated jar. 
It is obvious that other standard fractionating apparatus may be em- 
_ ployed. The distillation should proceed so that a drop falls every 
2 seconds, and be continued until the thermometer reaches 120°, 
when the receiver is changed and the distillate up to 170° collected. 
The first distillate consists almost wholly of benzene and toluene, the 
second portion is ‘‘solvent naphtha,” the residuum ‘creosote oil.” 

In the United States crude naphthas are distilled with dephlegmators, 
using 200 c.c. or 250 c.c. and making cuts at 100°, 135°-170°. 

The simultaneous presence of variable and unknown proportions. 
of carbon disulphide and light hydrocarbons in benzol often com- 
pletely masks the results of the fractional distillation, and hence B. 
Nickels strongly recommends that the fractionation should be con- 
ducted on a portion of the sample from which the carbon disulphide 
has been previously removed by treatment with alcoholic potassium 
hydroxide in the manner déscribed on page 226. The proportion of 
carbon disulphide present can be estimated by the xanthate formed, 
or may be deduced from the alteration in the sp. gr. of the sample. B. 
Nickels prepared a mixture of the following composition, and subjected 
portions to fractional distillation with and without previous removal 
of carbon disulphide: 


Pure benzene............-.. sp. gr. 0.885, 63% by measure. 

TPTERS KO WIA oe dod aces sp. gr. 0.871, 27% by measure. 

Light hydrocarbons......... sp. gr. 0.760, 8% by measure. 

Carbon disulphide.......... sp. gr.1.27, 2% by measure. 
100 


Columns A and B show the results thus obtained. Column C 
shows the behaviour of a mixture of 70 volumes of pure benzene with 
30 of pure toluene, or, in other words, the mixture without either car- 
bon disulphide or light hydrocarbons: 
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A B Cc 

Original mix-| With CS, | Benzene and 

ture removed toluene 
SjOS [icr oan) oe OaAOD oreo oS an 0.879 0.871 0.8805 
Hirstarop collectedvat....-) sacanncms 79.0° S2ugc 85.4° 

BOVARCOUCCLE CIAL ccasisns arevstsie sis tar nede eat ailieeer cree ktna chee oh 84.0 86.2 

POUAICOMECLEM Abrate ovine s stele stad yee [> a Gree eater 85.0 86.6 
DT, GO MECISOUEIEA Wo op ooo mo boo Od dob < 84.0 86.2 87.2 
BO COUected Aba ase. cls. sa isin cia 85.5 S722 87.8 
AD nCOllectediats ac .c =o saree omer: 87.2 88.2 88 .8 
Oy pa COMeCteGralbeasrteraie oi oteeueleh heneclenetce 88.5 89.6 89.8 
OOUCOME CLE RAILS  < - e ose nt spevage akeicrs go.4 QI.2 QI.4 
TOU Collected ‘At eaerace erhe ja carter sie 92.6 93-3 93-2 
SoU mCollectedtatas, tome iseelnsee ee ee 95-6 96.7 96.2 
SBU/ COME CHER sab a rele reg tyenthaterece cheers ceoleuols Cll seegere: She akeeaae 2 TOOKO™ oles scan oe 
govprcollected atin. -incrwete ee teeter LOGO @ Wisseron eee 102.0 


These results are very instructive when compared with the figures 
obtained by B. Nickels from the fractionation of representative 
commercial samples of different classes of benzols and naphthas. 
It is interesting to observe the characters of the Scotch go0% benzol, 
which exhibits an abnormally low sp. gr. owing to the presence of a 
notable proportion of light hydrocarbons. 

From the results yielded by the distillation of the synthetical sample 
after removal of carbon disulphide (column B.) there is no indication 
of the presence of 8% of light hydrocarbons, though the low sp. gr. 
of the sample.would point to their presence. This character is dis- 


vom 
Good Good | Scotch Sol- | 80° 
90% 90% 90% a eo vent ee 
benzol | benzol | benzol ae enzo! | naptha rut 
naph- 
tha 
SDSL clehels a/avevs Srovaees 0.8855 0.882 0.873 0.880 | 0.875 0.877 
First drop collected at....| 82.5° BaF Te ycea crt lh iniereet eel mts cca eeillt ere sats 
10% collected at......... 84 83.25 84.5° 94° 97° 128.5° 96° 
20% collected at.........| 84.75 84.5 85 95 98 130 99.5 
30% collected at......... 85.5 85 85.75 96.5 99.5 | 132.5 Io02 
40% collected at. nc... 86.25 85.75 86.5 98 IoL 135 107 
50% collected at......... 87.25 86.75 87.75 | roo I04 137 IIr 
60% collected at......... 88.5 88 89 102.5 | 106 I40 II9 
70% collected at.........| 90.25 89.75 91.25 | 106 109.5 || 143.5 128 
80% collected at......... 93-25 92.5 94.75 || DIOS | 113.5 |) 148.05 I45 
QO gnCOMeCted, Qta.ccim se eee lt sais steel hs ciaeee ml Me aero 120 120 156 I70 
92% collected at......... 100 100 DOO, SMa tak ste sollt te cnt el) Salers 
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guised in the unpurified sample by the presence of the carbon disul- 
phide. As stated on page 238 a good 90% benzol should not begin to 
distil below 80°, and should not yield more than 20 to 30% of distillate 
below 85°. The distilling-point is now seldom below 85°, and many 
90% benzols are now rectified so as to give the first drop over at 83° 
to 84°, and the disposition is to go still further, 7. e., to 85°. This has 
not been done voluntarily by the manufacturer, but to meet the de- 
mands of continental buyers. 

J. von Hohenhausen gives the following data as typical of the be- 
haviour of good average commercial benzols on distillation in an 8-oz. 
retort: 


90% benzol | 50% benzol | 30% benzol 
SYOb ALES ic ou e eOnchot, Ser re eat BOO ee tee 0.882 0.878 0.875 
IDIISETEIGS GRE Cla 8. on Gar Goku Gen oben 22 TE Go I tier oantete tayo] be taasocke ean 
WistillatevatemOOws var cn net: Wye tmkeisiat. ULusis) orion eel latoricre seco 2 
DistillatetateO Scene ste ee acl ele ae 87% 189-45. coe eee 
DISK AterAt pe OS ae een wim aise uc kee had muctietateebol s.< 40% 21% 
Distt AS FAT TOO Annie curgit «1 ovo wus © Mes 90% 50% 30% 
EDIStIMATC TALE LON: seehesierutsyc ee caches 5 04% 68% 55% 
Distillate akc LOM sche tahieieic steve teed 8% 79% 73% 
Distillate va ttt 5° oe aera mes) teeter |S ae cnetel eet ek 85% 84% 
Distillate vat 2Ocrcalcctle ces a 90% 90% 


G. Lunge (Treatise on Coal-tar, etc., page 290) gives the following 
figures as his own experience of the behaviour of commercial benzol 
and coal-tar naphthas when distilled from a fractionating flask with 
side-tube, the thermometer-bulb being just immersed in the liquid at 
the commencement of the distillation: 


Carburet- : 
90% 50% : Solvent Burning 
Degrees | benzol benzol poe am naphtha | naphtha 
1B (0, oboe 82 88 100 108° IIo 138 
At 88>... SOM ie ee ae ets, Cas, tashal| Stabe sates atelw nl laces ever vee cre pean Penta 
Ate Ogi 65 ES Wilje-toeacetuar sels sxersceactyavanai| 8 lec tunnepe chause| fey aes occa peat 
IAG eEOOl go Ae Mm coue ciiianshie-clff cctaevened Gye hall oot okeca Mets hoped este nea oe 
JM NHR) eres luc Ae HERO 74 56 TEP AE cm ea evens | he anreprere 
Atte 2 OR tpi eiebsalcko nia go go 35 18 fe Re ORE, eo Oe 
INE TRCN Glfioc 6.503 Auta |0.6 deinen 6 on | onic OSI eme er 71 Cee Mallectena oft aehos 
IAPR DS Shape lta tetnas stra tials Be gs cic elf tis aie Save eo 84 WE Sp RATA. . Maroney « 
PN ApeTeAO aera) atmo Rees ewer aN) | oh ay vaepaks.s) 7 sill se Areva ay ee 97 go 30 
EERO O mere ewe eerie aceararer\-ai stile cll 2yo! non eaai er ear osllof casei c ete yove'eil usta) oye ell “i fels 
IN? Sept Seollco no ocoepelleso0b a To Om yen oGiOg 1c. [Sow aeign og] |Gbromamoor 85 
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A good knowledge of the composition of crude naphtha may be 
obtained by distilling 500 c.c. in a retort and collecting the distillate 
in 2 portions. The fraction passing over below 160° represents the 
yield of once-run naphtha, and that distilling between 160° and 180° 
the yield of medium naphtha. These distillates may then be further 
fractionated by means of a bulb tube. The fraction of once-run 
naphtha which on redistillation with a bulb tube passes over below 
100° represents 90% benzol; from 100° to 120°, toluol, commencing to 
distil at 180° to 110°, and giving 88 to 90% over at 120°; and from 120° 
to 160°, solvent naphtha. The use of the bulb tube for fractionating 
naphthas has now become general. The indications obtained when 
once-run naphthas are assayed in the laboratory by this method agree 
fairly well with the actual yields given on a practical scale, at any rate 
for 90% benzol and toluol, the determination of solvent naphtha being 
but rough. The following are results actually obtained: 


Laboratory. 

Distillate below 100° = 30% 
Distillate between 100° and 120° = 15% 
Distillate between 120° and 160° = 20% 

y Works. 
90% benzol = 31 to 32% 
90% toluol = 14 to 16% 
Solvent naphtha = 12to 15% 


The foregoing test may be satisfactorily made on 100 c.c. of the 
once-run naphtha, but it is preferable to operate on such a quantity 
as will yield at least roo c.c. of distillate below 100°, so that this fraction 
can be proved by a subsequent test to have the actual characters of a 
90% benzol. A rule is given below by which the’ proportion of 90% 
benzol in a higher boiling product can be deduced. 

If a fractionating bulb tube be not at hand, an assay of crude naph- 
_tha for the yield of 90% benzol can still be made tolerably satisfac- 
torily by the following process: Distil 500 c.c. of the sample in a glass 
retort, and collect separately the portion passing over below 180°. 
This fraction, representing once-run naphtha, is then redistilled up to 
120°, and the distillate again distilled up to 1o5°, when the fraction 
which passes over below this temperature should have the characters 
of ‘‘go% benzol.”” This, however, should be proved to be the case, 
when the measure obtained indicates the yield from 500 c.c. of the 
crude naphtha. If once-run naphtha is to be examined, the first dis- 
tillation up to 180° should be omitted. 
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For the detection of benzene in petroleum spirit and vice versa Holde* 
utilizes the difference of solvent action of the 2 liquids upon a spe- 
cially prepared asphalt. This is obtained by extracting a Syrian as- 
phalt with petroleum spirit of the highest obtainable gravity until only 
a faint yellow is imparted to the solvent. This operation can be con- 
veniently carried on in the usual continuous-extraction apparatus. 
A little of the extracted material is placed in a filter, and some of the 
’ liquid to be tested poured on it. The presence of not less than 5% 
of benzene in a light petroleum of sp. gr. from 0.64 to 0.70, or of not 
less than 10% in a light petroleum boiling below 35° is shown by a 
colour imparted to the fluid. Conversely, any considerable amount of 
petroleum spirit may be detected in benzene by sulphinating (see 
page 388) or by distilling. 

For the quantitative separation of benzenes from petroleum spirit 
Henriques? employs the following process: 5 c.c. of the sample are 
introduced into a 25 c.c. glass-stoppered cylinder graduated to 0.2 c.c., 
mixed with 1o c.c. of sulphuric acid, to which 1 grm. (5%) of sulphuric 
anhydride has been added and shaken until no more of the sample is 
dissolved. The benzenes are sulphonated and dissolved by the acid, 
while the petroleum products are but little affected and float on the 
acid mixture. 

Fuming acid is sometimes called ‘‘Oleum,” containing H,SO, and 
SO,, which, calculated to H,SO, amounts to about 105%. 


d 


1 Abst. Analyst, 1896, 69. 
2 Chem. Zett., 1895, 958. 
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NAPHTHALENE AND ITS DERIVATIVES 


BY WA SDAVISEB ES AGr GT 
NAPHTHALENE, C,.H; 


Naphthalene is formed when a large number of organic compounds 
(e. g., methane, ethylene, acetylene, acetic acid) are subjected toa red heat 
inthe absence of oxygen. It therefore occurs in coal-tar, which is the sole 
source from which it is obtained on the large scale. It forms 5 to 10% 
by weight of the crude tar; a good ‘‘middle oil”’ (b.-p. 180° to 230°) 
should contain at least 30% of naphthalene. Crude naphthalene 
crystallises from the middle oil on standing and is purified by distilla- 
tion with steam and subsequent sublimation. On the small scale, 
for laboratory purposes, the sublimed or steamed naphthalene can be 
further purified by crystallisation from hot alcohol. 

Naphthalene is employed principally in the manufacture of its sub- 
stitution derivatives (sulphonic acids, naphthols, naphthylamines) 
which are used in the dyeing industry, and in making phthalic acid (for 
synthetic indigo, eosin dyes), this being formed by the oxidation of 
naphthalene by hot fuming sulphuric acid in presence of traces of 
mercury sulphate. Naphthalene is also used for enriching coal-gas 
(albocarbon) and as an antiseptic and preservative for woollen goods. 

Physical Properties.—Naphthalene crystallises in colourless 
orthorhombic plates, m. p. 79°, b. p. 218°, sp. gr. (solid) 1.145 at 4°, 
(liquid) 0.978 at 79.2°. It is practically insoluble in cold and very 
slightly soluble in hot water; very soluble in boiling alcohol, much less 
so in cold alcohol (1 in 19 parts of alcohol at 15°). It dissolves very 
readily in cold chloroform, carbon disulphide, benzene, light petroleum, 
and phenol. Melted naphthalene dissolves sulphur, phosphorus, and 
indigo. 

Chemical Properties.—With picric acid naphthalene combines to 
form a crystalline additive compound, C,.Hs, CsH,(NO,) ,OH, m. p. 

1 In the United States it is obtained from carburetted water-gas tar Amer. Ed. 
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149°; this fact is utilised in estimating naphthalene (vide infra). Con- 
centrated nitric acid converts naphthalene (best when dissolved in 
glacial acetic acid) mainly into 1-nitronaphthalene; when an excess of 
acid is used at higher temperatures, various di-, tri-, and tetranitronaph- 
thalenes are formed, according to the conditions. Concentrated sul- 
phuric acid converts naphthalene into either the 1- or 2-sulphonic acid. 
The former is produced at a low temperature (80°), the latter at a high 
temperature (160°), best in presence of an excess of sulphuric acid. 
Prolonged heating with fuming sulphuric acid gives a mixture of the 
2:6- and 2:7-disulphonic acids. When naphthalene is heated during a 
long period with fuming sulphuric acid in presence of a catalyst 
(mercury) phthalic acid is formed: this action is utilised on the large 
scale. Chromic acid in acetic acid solution converts naphthalene into 
1:2-naphthaquinone. Chlorine and bromine form various substituted 
chloro- and bromonaphthalenes. Nascent hydrogen reduces naphtha- 
lene to dihydronaphthalene, C,.H,., (sodium in ethyl alcohol), or 
tetrahydronaphthalene, C,,H,,(sodium in amyl alcohol). Corre- 
sponding with these reduced naphthalenes are naphthalene dichloride, 
C,.HsCl, (prepared from naphthalene by means of potassium chlorate 
and hydrochloric acid), and naphthalene tetrachloride (formed on 
passing chlorine into a chloroform solution of naphthalene). The 
following formule show the relationship between these compounds. 


uae ai CH, CH oP PRES 
C.Hy Cu || Be | 
perch! Hee CH LCH * OSGH Cus 
Naphthalene Dihydronaphthalene Tetrahydronaphthalene 
CHCL CHC 
Cnc 


| 
“\CHCI.CHCI 
Naphthalene tetrachloride 


For a systematic review and bibliography of naphthalene derivatives 
see Reverdin and Fulda’s Tabellarische Uebersicht der Naphthalinderi- 
vate and the Reports of the Committee on Isomeric Naphthalene Deriva- 
tives of the British Association. 

Detection of Naphthalene.—To detect naphthalene in a material 
thought to contain it (the characteristic smell of naphthalene is a useful 
index of its presence) the substance is subjected to distillation in a 
current of steam and the distillate made alkaline with sodium hydroxide 
to remove phenols; if naphthalene is present it remains undissolved in a 


o 
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state of greater or less purity. It is characterised by resteaming (if 
necessary) or crystallising from alcohol, the m. p., characteristic smell, 
and property of forming a well-defined picrate serving to identify the 
final product. 


Estimation of Naphthalene: 


A. In coal-gas. 

Small quantities of naphthalene are usually present in coal-gas. 
In cold weather this may crystallise out and cause obstruction in the 
pipes. The proportion of naphthalene present in the gas is generally 
estimated by Colman and Smith’s method (J. Soc. Chem. Ind., 
1900, I9, 128). This depends on the formation of an additive com- 
compound of naphthalene with picric acid which is insoluble in 
dilute aqueous picric acid. The solution of picric acid used is one 
which is nearly saturated with picric acid at the ordinary temperature 
(roughly N/20): it is standardised by titration with N/1o barium 
hydroxide or sodium hydroxide, using lacmoid as indicator. The 
absorption of the naphthalene is carried out in three absorption flasks, 
the first of which has a capacity of 300 c.c. and contains 100 c.c. of the 
picric acid solution. The second and third are smaller, each containing 
50 c.c. of solution. A fourth empty flask should be used to catch any 
splashings from the third. The gas is bubbled through the series of 
flasks at the rate of o.5 to 1 cubic foot per hour until 10 to 15 feet 
have been passed: it is measured by means of a meter, through which it 
passes after leaving the absorption flasks. As a portion of the naph- 
thalene is precipitated as such and not as picrate in the absorption 
vessels, it is necessary, after the various portions of liquid and precipi- 
tate have been mixed, to heat the mixture in a closed flask (after 
evacuating the latter by a water-jet pump) to the b. p. so as to dissolve 
the precipitate completely, and at the same time prevent loss of 
naphthalene. The liquid is then allowed to cool, best overnight, and 
the purified picrate is collected by the aid of a filter pump and washed 
with a small quantity of water. The combined filtrate and washings 
are made up to 500 c.c., and roo c.c. titrated with the N’/1o barium or 
sodium hydroxide. 

229 parts of picric acid combine with 128 parts of naphthalene 
to form the picrate. The quantity of naphthalene present in the 
measured volume of gas is thus found by multiplying the weight of 
picric acid removed from solution by 0.559. 
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Instead of performing the experiment volumetrically as described 
above, the precipitate of naphthalene picrate may be dried in a vacuum 
or in a warm room and weighed (Dickenson Gair). In all cases it is 
necessary to guard against the condensation of naphthalene in the 
pipe conveying the coal-gas to the apparatus: this should be as near to 
the main as possible and be kept surrounded by a steam jacket. With 
ordinary coal-gas it is also necessary to remove ammonia and bases 
from the gas before it passes into the picric acid solution. ‘This is 
effected by means of an oxalic acid solution kept at 80°. When the gas 
pressure is not sufficient to force the gas through the series of bottles 
used in the test, it must be increased by artificial means. An in- 
genious device is described by Colman and Smith (loc. cit.). 

Dickenson Gair (J. Soc. Chem. Ind., 1905, 24, 1279, and 1907, 
26, 1263) has worked out an alternative method to that given above. . 
In order to avoid heating and re-precipitating the solution of naphtha- 
lene picrate, the naphthalene is absorbed from the coal-gas by passing 
it through acetic acid of sp. gr. 1.044. Picric acid is then added in 
excess; this causes an immediate separation of pure naphthalene 
picrate which can be collected and weighed. The modified process 
can also be carried out volumetrically, this form of procedure being 
preferable when rapidity is an important consideration. Another 
modification of Colman and Smith’s method consists in collecting on a 
filter-paper the mixed precipitate of naphthalene and its picrate which 
is first formed, and washing it into a flask with the smallest possible 
quantity of strong picric acid solution. Absolute alcohol is then 
added (50 to roo c.c.) to dissolve the precipitate and subsequently 
300 c.c. of picric acid solution are stirred in so as to precipitate pure 
naphthalene picrate, which is then dealt with either gravimetrically or 
volumetrically as above. 

B. In spent oxide of iron (Gair, loc. cit.). 10 grm. of the undried 
oxide, roughly powdered, are extracted in a small flask with 100 c.c. of 
80% alcohol by shaking well and leaving to stand for 3 to 4 hours. 
The liquid is filtered into a larger flask and the paper washed once or 
twice with dilute alcohol. 300 c.c. of strong picric acid solution are 
added, the flask well agitated and mixture allowed to stand a short 
time. The naphthalene picrate which separates can be weighed or 
dealt with volumetrically as above. 

C. Estimation and Testing of Naphthalene in Middle Oil and Carbolic 
Oul. 
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The middle oil is first melted, if necessary, and thoroughly mixed. 
A weighed quantity (500 to 2,000 grm.) is then left during 24 hours to 
crystallise, being well stirred at frequent intervals. The crystals which 
separate are collected by the aid of a vacuum filter, pressed com- 
pletely free from oil in a small press, and weighed. The b. p. of the 
naphthalene should be determined by distilling 100 grm. of the pressed 
crystals and collecting and weighing the various fractions passing over 
at different temperatures. A good middle oil should contain not less 
than 30% of naphthalene boiling between 210° and 220°. 

The naphthalene in carbolic oil can be estimated by removing the 
phenols by extracting with aqueous sodium hydroxide, washing the 
residue with water and allowing the naphthalene to separate from the 
residual oil as in the case of middle oil. 

D. In phenol. 

The presence of naphthalene in phenol is shown by dissolving away 
the phenol with dilute aqueous sodium hydroxide: the naphthalene re- 
mains undissolved. To estimate the naphthalene in this case the 
residue obtained is extracted with ether, the ether being then evapo- 
rated and the naphthalene weighed, either as such or in the form of 
its picrate (see above). 


Commercial Naphthalene. 


Naphthalene is contained largely in the less volatile portions of 
coal-tar naphtha, in the crude carbolic acid and ‘“‘creosote oils” which 
subsequently distil, and in the semi-fluid ‘‘anthracene oils” obtained 
at a still higher temperature. By cooling the portion of the coal-tar 
distillate which passes over about 200°, naphthalene is frequently 
deposited in such quantities as to render the product semi-solid. It 
may be separated by pressure from the liquid oils, and purified by 
heating strongly with 5 to 10% of concentrated sulphuric acid, washing 
thoroughly with water, and subliming the product. 

Naphthalene is now prepared commercially of high purity, as colour- 
less crystals which distil wholly within a very few degrees of the b. p. 
of pure naphthalene, and give no pink colour with sulphuric acid. 
Besides this nearly pure product, which, when remelted and cast 
into moulds, is employed as ‘‘albocarbon,”’ and (under the name 
‘“‘coal-tar camphor”’) for protecting furs and woollens from moths, 
naphthalene occurs in commerce as an impure, coarsely crystalline 
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substance of rank odour, technically known as crude naphthalene or 
‘“‘naphthalene salts.” 


Crude Naphthalene. 


To ascertain the quality of ‘‘naphthalene salts” an average sample 

of several kilograms is melted in a dish on the water-bath and thor- 
oughly mixed. 15 to 20 grm. of the liquid is poured into a mortar 
and, after solidifying, broken into powder. 10 grm. are weighed on to 
filter-paper which is carefully folded over it, the whole being then en- 
closed in a piece of linen. The mass is then pressed ina small hydraulic 
press under a pressure of 200 atm. or in a vice till no more oil squeezes 
out. The solid cake is again powdered, the pressing being again re- 
peated as before. The final cake obtained is weighed. A good 
sample of salts should not contain more than 10 to 12% of oil. 
' The proportion of higher hydrocarbons in the pressed cake is as- 
certained by distilling about 100 grm. (prepared as above) from a 
retort, the neck of which is kept warm so as to prevent it from becoming 
choked. A good sample of pressed salts should yield nothing below 
210° and go% should distil before 225° is reached. 

The sublimed naphthalene of commerce contains 70 to 100% of the 
pure substance. The finer qualities form colourless crystals, but the 
inferior grades have a fawnorbrown colour. A good test forthe purity 
of sublimed naphthalene is to warm the sample in a test-tube with a 
little pure concentrated sulphuric acid. Pure naphthalene produces 
a colourless solution, but a decided pinkish tint is observed if as little 
as 1% of impurity is present. The colouration becomes deeper pink, 
or even brown, when a greater proportion of foreign matters is present. 
' The m. p. is always taken wet, as the difference between the m. p. 
of dry naphthalene and that containing a small amount of water 
is considerable, but the difference between that containing 4% of 
water and an amount in excess of this by several per cent. is inap- 
preciable. So, unless it is known that the crude naphthalene contains 
as much as 4% of water, that much is added before taking the m. p. 

The test is made after adding water in large brass or glass test- 
tubes, holding several ounces. The sample is melted and the point 
is noted when on cooling the temperature becomes constant after it has 
been rising. High m. p. naphthalenes show this constant temperature 
for quite a while. With low m. p. samples the point is not so sharply 
defined as the temperature does not remain constant very long. Those 
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not accustomed to making this test should repeat it until they feel sure 
that they have caught the point at which the temperature is constant 
for a longer or shorter time. 

Water and so-called available naphthalene are estimated by dis- 
tillation. 1o grm. are weighed into a small copper still connected 
with a condenser, a little heavy coal-tar naphtha (free from tar) is 
added and distillation begun. The distillation is carried to 205° (for 
carrying over water) with a water condenser and then it is completed 
with an air condenser. The distillation is carried to dryness. The 
residue left in the still is tarry matter and dirt. The percentage of 
water is added to this figure and the combined amount deducted from 
the amount of the original crude naphthalene taken, the balance being 
naphthalene available for refining. This is not all flake naphthalene 
as there is some oil present. 

Refined naphthalene is valued by colour, m. p.,asulphuric acid test, 
and sometimes by distillation. The m. p. of naphthalene is generally 
between 78° and 78.5° (wet) and sometimes as high as 79°. Good 
results are not usually obtainable when the m. p. is so low as 78°. 

The sulphuric acid test is a fairly sure indication of the keeping 
qualities as regards colour. The sample is melted and agitated with 
1/3 volume of concentrated sulphuric acid for a short time. The 
naphthalene should remain white when first cooled. On remelting it 
generally becomes red. The acid is red in any case. If poorly re- 
fined the naphthalene will show yellowish to reddish and such material 
would not retain its colour. 

The works’ tests on crude and refined naphthalenes in the United 
States may show some differences from English and Continental 
practice. The above information is supplied by Mr. John M. Weiss, 
of Philadelphia. 


Pure Naphthalene. 


Specially purified naphthalene is now required in chemical industry 
particularly in the manufacture of azo-dyes. For this class of work 
naphthalene (dry) must melt sharply at 79°, boil between 217° and 218°, 
and be practically odourless; it must dissolve completely in light petro- 
leum, giving a transparent, colourless solution. The monosulphonic acid 
prepared from it should not show a greyish tinge and the sodium salt 
of the acid must be snow-white. Naphthalene which answers these 


250 NAPHTHALENE AND ITS DERIVATIVES, 


requirements does not become yellow when.exposed to air and light, 
and when dissolved in concentrated colourless sulphuric acid gives a 
solution with only a very faint pink colour. 

The sensitiveness of naphthalene to air and light may be tested in the 
following way (Lunge’s Chem Tech. Unters. Meth., 1905, II, 762). A 
sample is left in a clock glass under a bell-shade over a vessel of 
pure, concentrated non-fuming nitric acid, when it should not show 
a yellow tinge for at least 1 or 2 hours. After this time even pure 
naphthalene changes colour owing to its undergoing nitration on the 
surface. 

To test for phenol in naphthalene the latter is extracted with dilute 
sodium hydroxide solution, excess of hydrochloric acid added to the 
extract, and, after filtering, bromine water. Tribromophenol sepa- 
rates if phenol is present. 

Basic substances are seldom found in naphthalene, but they can be 
detected, if present, by extracting with sulphuric acid, adding an excess 
of alkali and distilling with steam. The bases are recognised by their 
characteristic odour. 

To estimate the percentage of naphthalene in a commercial product 
Kiister (Ber., 1894, 27, 1101) devised the method of precipitation with 
picric acid. The procedure is that described on pages 274 and 275. The 
picrate may be either weighed or estimated volumetrically, using an ex- 
cess of picric acid and titrating back. It is essential in this method that 
other hydrocarbons which form insoluble picrates should be absent. 


NAPHTHALENE OILS. 


This name, as also that of ‘creosote oil,” is applied to the fraction of 
coal-tar distilling between 200° and 280° or 300°. Its composition is 
very imperfectly understood, but besides phenols and phenolic substances 
and a variety of bases, it is apparently largely composed of naphthalene 
and certain hydrides and homologues of that compound, the follow- 
ing of which have been described as being present. 

Naphthalene dihydride, C,,HsH., is a viscid liquid of strong, 
disagreeable smell, boiling at 200° to 210°. It is powerfully acted 
on by bromine, and is soluble in cold fuming nitric acid. 

Naphthalene tetrahydride, C,,HsH,, resembles the dihydride, 
but boils at 190°. 

a- and §-Methylnaphthalenes, C,,.H,CH;, occur in the frac- 


NAPHTHALENESULPHONIC ACIDS. 251 


tion of coal-tar distilling between 220° and 270° (see Wendt, J. Pr. 
Chem., ii, 1892, 46, 317). At the ordinary temperature the a-variety 
forms a colourless liquid with a blue fluorescence and pleasant aromatic 
odour. It hasa sp. gr. 1.0005 at 19°, distils in a current of open steam, 
boils at 240° to 243°, and crystallises at —22° to a hard mass. The 
picrate melts at 115.5°. a@-Methylnaphthalene is miscible in all propor- 
tions with alcohol, ether, glacial acetic acid, carbon disulphide, and 
benzene. Itisreadily attacked by oxidising agents. /-Methylnaphtha- 
lene crystallises, like naphthalene, in large white plates, melts at 
32.5°, and boils at 241 to 242°. Regarding the occurrence of a- 
and (-methylnaphthalenes in paraffin (Erdél), see Tammann, 
De 05570: 

Dimethylnaphthalenes, C,,.H«(CH,),. According to Emmert 
and Reingruber (Annalen, 1882, 211, 365), the fraction of coal-tar 
boiling between .252° and 270°—after removing basic, oxygenated, and 
crystallisable substances—apparently consists of a mixture of several 
isomeric dimethylnaphthalenes, the separation of which has hitherto 
proved unmanageable. These compounds are said to constitute the 
major portion of coal-tar creosote oils. 

The assay of naphthalene oils is described in the section on ‘‘ Creosote 
Oils.” 


NAPHTHALENESULPHONIC ACIDS. 


bee fanaa 

| 
ny OG SAIS 
a-Naphthalenesulphonic acid. (-Naphthalenesulphonic acid. 


When naphthalene is heated with concentrated sulphuric acid a-and 
§-naphthalenesulphonic acids are formed. At low temperatures 
(80°) the a-acid is the principal product, but at higher tempera- 
tures (160° to 170°) and especially when an excess of sulphuric acid is 
present the f-acid predominates. When the a-acid is heated with 
concentrated sulphuric acid it is converted into the (-acid. Both 
acids are deliquescent, crystalline substances. ‘They can be separated 
by the crystallisation of their calcium or lead salts, the a-salt having a 
very different solubility from that of the -salt. 
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Differences: 


a-Acid B-Acid 


1 


Heated with hydrochloric acid at 200° gives) Heated with hydrochloric acid at 
naphthalene and sulphuric acid. .......... 200° is not decomposed. 
Sulphochloride, m. p. 66°, b. p. 195° (13 mm.).| Sulphochloride, m. p. 76°, b. p. 
|  20r° (13 mm.). 
Sn phonamide,sma py 150% ee ae = vwiite dia: Sulphonamide, m. p. 212° (217° 
Corn); 


Numerous naphthalenedisulphonic and trisulphonic acids are 
known; for references see Reverdin and Fulda’s Tabellarische Ueber- 
stcht. 


NAPHTHOLS. 
OH 
Ve na i /~ OH 
ae aS os 
a—Naphthol. 8-Naphthol 


a- and /-naphthols (1- and 2-hydroxynaphthalenes) are prepared by 
fusing the corresponding a- and (f-naphthalenesulphonic acids or 
their sodium salts with sodium hydroxide and subsequently liberating 
by dilute acid the naphthols from the sodium salts thus formed. They 
are of great importance in chemical industry as the starting-point from 
which a large number of important dyes are prepared. Both naph- 
thols have been found in the ‘“‘green oils”’ left after the filtration of the 
anthracene from a high boiling fraction of coal-tar (Schulze, An- 
nalen, 1885, 22'7, 143). 

The naphthols are sparingly soluble in hot water (the a-compound 
less than the 6-form) and nearly insoluble in cold water. They are 
easily soluble in most of the usual organic solvents. a-naphthol is far 
more volatile with steam than ($-naphthol. Both naphthols—like 
phenols in general—are readily soluble in aqueous sodium hydroxide, 
forming sodium naphthoxides, which are decomposed by carbon 
dioxide, the parent naphthols being liberated. Aqueous solutions of 
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the naphthoxides on concentration undergo partial decomposition in 
the same manner. a- and (-naphthols are not soluble in solutions of 
alkali carbonates, but the nitronaphthols which are more acid in char- 
acter, liberate carbon dioxide from carbonates forming salts analogous 
to the picrates. 

With sulphuric acid the naphthols combine to form an important 
series of sulphonic acids. Nitric acid does not nitrate the naphthols 
in a simple manner? so that the nitronaphthols are generally prepared 
by indirect methods from the nitroso-naphthols or from naphthylamine- 
sulphonic acids (see Vol. 5). With bromine and chlorine the 
naphthols give a remarkable series of derivatives. The chlorine 
derivatives have been studied by Zincke: in this case the action is 
more complex than simple substitution, but with bromine simple sub- 
stitution alone occurs, and a very large number of well-defined bromo- 
compounds can be isolated, the nature of the compound formed de- 
pending on the conditions (Davis, Reports of the British Association 
Committee, 1901 and 1902). Etherification is effected much more 
readily in the case of a- and f-naphthol than with most other 
phenols. On simply heating the naphthols with the corresponding 
alcohol and a small proportion of sulphuric acid the methyl- and 
ethyl-ethers are obtained in nearly theoretical proportion. The 
substituted naphthols etherify far less readily than the parent 
naphthols, in some cases not at all under the conditions named (see 
Davis, Trans., 1900, 77, 33). 

Qualitative Tests.—The analytical examination of the naphthols 
has become of importance in view of their value as antiseptics, disin- 
fectants, and therapeutic agents. (-naphthol is now almost exclu- 
sively used, being regarded as the less toxic form. It is now readily 
obtainable in a high degree of purity. Many tests have been devised 
for distinguishing between the two naphthols and for detecting one in 
the presence of the other. The following table summarises the more 
trustworthy of these, as applied to the purified substances: 


1 When B-naphthol is carefully nitrated with the theoretical quantity of nitric acid in 
glacial acetic acid solution at o° and the product then treated with sodium sulphite solution 
(to reduce the nitro keto-compound initially formed) about 50% of the theoretical quantity 
of r-nitro-2-naphthol is obtained on steaming (Davis). When a- and $-naphthols are ex- 
posed to the action of nitrogen dioxide (NO») and the products treated with alkalies or, bet- 
ter, with alkaline sulphite, mononitro-derivatives of the naphthols are obtained (Armstrong 
and Rossiter, Proc., 1891, 7, 91). 
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a-Naphthol B-Naphthol 
OdourBeere tien sae abi noes Faint, resembling} Almost odourless. 
phenol. 
Crystalline form mx. .yreacte ase lee Monoclinic needles . .| Monoclinic plates. 
= [Sts hs ux COW REST Dle Cocca OPEC 94 I22 
ES MBSR eey sr eiste auexcrsoTulone. o/s Any orsions 280. Readily distils| 286. Scarcely distils 


Ferric chloride in aqueous solution. 
Bleaching powder in aqueous so- 
lution. 


Azo-test, I c.c. of acid solution 


with open steam. 
Red, turning to violet. 


Dark violet, changing} 


to reddish-brown. 


Orange-red 


with open steam. 

Pale green. 

Pale yellow. When 
excess fof bleaching 
powder is present, 
the colour disappears 

Yellow. 


of sulphanilic acid (sulphanilic 
acid, 0.5 grm.; acetic acid [30%], 
r5oc.c.). Freshly prepared 
very dilute solution of sodium ni- 
trite, a few drops added at time 
of making test. The colours de- 
velop slowly. 

A few drops of a solution of 1 grm. 
of potassium dichromate and 1 
grm. of nitric acid in 100 c.c. of 
distilled water, added to a solu- 
tion of the sample in water or very 
dilute alcohol. 

0.1 grm. of vanillin is dissolved in 
2 c.c. sulphuric acid and 0.1 grm. 
of naphthol added and the mix- 
ture shaken. 


Black precipitate ...| No precipitate. 


Permanent red colour.) Green solution. 


For distinguishing between naphthalene, a-naphthol, and 3-naphthol, 
L. Reuter (Pharm. Zeit., 1891, 289) utilises the difference of action of 
chloral hydrate and zinc. o.1 grm. of the sample is mixed with 2.5 
grm. of fused chloral hydrate and warmed for ten minutes. A similar 
experiment is performed with addition of 5 drops of strong hydro- 
chloric acid, and also with the same amount of acid and a piece of . 
zinc. 

Jorissen (Ann. Chim. Anal., 1902, '7, 217) recommends as a means of 
distinguishing a@-naphthol from f-naphthol the following procedure: 
A pinch of the sample is mixed in a test-tube with 2 c.c. of a solution of 
iodine in potassium iodide and then with an excess of aqueous sodium 
hydroxide. On shaking, $-naphthol gives a clear, colourless liquid, but 
a-naphthol gives a turbid liquid of an intensely violet colour. In the 
case of a mixture the colour is proportional to the amount of a-naph- 
thol present. 
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Naphthalene a-Naphthol B-Naphthol 
Chloral hydrate ..| Colourless....| Intensely ruby-red, Pure blue, transpar- 
transparent, not ent, not fluorescent. 
fluorescent. 
Chloral hydrate, | Very slight) Intensely dark green-| Intensely yellow, 
and acid. pink, ish-blue, not trans-| transparent. 


arent. 

Chloral hydrate, | Violet, passing wendae violet-blue.. Dark brown. (Water 

acid and zinc. into brown. (Water givesaviolet| throws down a 

flocculent precipi-|, greasy ppt.) Alco- 
tate.) Alcoholic so-| holic solution, yel- 
lution, reddish-- low with a _ blue 
violet with a violet fluorescence. 
fluorescence. 


Commercial a-naphthol. 


The best means of ascertaining the degree of purity of either of the 
commercially pure naphthols is to take the m. p. Technical a- 
naphthol generally consists of crystalline lumps formed by the solidifi- 
cation of the fused material and melts somewhat below 94°, the.m. p. 
of the pure naphthol, owing to the presence of small quantities of 
$-naphthol as an impurity. 0.5 grm. of the naphthol when ignited 
should not leave behind any weighable ash. As in the case of (-naph- 
thol, a-naphthol should dissolve completely in aqueous ammonia 
(sp. gr. 0.96) (absence of naphthalene). 


Commercial /-naphthol. 


Technical @-naphthol is usually a highly purified substance, and 
should melt at 122°. The U.S. P. requirements are that it should 
leave no ash and that 1 grm. should dissolve completely in 50 c.c. 
‘of ammonia (sp. gr. 0.96) (absence of naphthalene)—the solution 
having only a pale yellow colour (absence of organic impurities). 
On shaking 1 grm. of the naphthol with roo c.c. of water the solution 
should be neutral to litmus-paper (absence of organic acids). On 
dissolving 1 grm. of f-naphthol in boiling water (100 c.c.) filtering 
and adding bleaching powder, the solution should show only a pale 
yellow and not a violet colour (absence of a-naphthol). 

To detect a-naphthol in (-naphthol Jorissen’s test (see above) 
may also be used. 
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For the quantitative estimation of a-naphthol in presence of large 
proportions of @-naphthol, J. Prochazka and H. N. Herman’ have 
devised the following process, depending on the greater facility with 
which a-naphthol combines with diazo-compounds: 

27.5 grm. of 90% sodium naphthionate are dissolved in 185 c.c. of 
water. 6.2c.c. of sulphuric acid (sp. gr. 1.835) are diluted with 180 c.c. 
of water and the mixture run slowly into the naphthionate solution. 
which is continuously stirred to secure a uniform paste. The mixture 
is cooled to below 5°, and a 10% solution of sodium nitrite, con- 
taining 7 grm. of the commercial 98% product, added slowly, 
stirring constantly. The resulting paste, made up to 750 c.c., is now 
ready for use. 

For the test, 15 grm. of the sample, 200 grm. of a 25% solution of 
sodium hydroxide solution, and 140 c.c. of a 10% solution of sodium 
carbonate are heated together until the (-naphthol is dissolved. The 
solution is cooled to below 5° and made up at 250 c.c. The diazo- 
compound as prepared is run slowly and carefully into this solution of 
the sample, which is continually stirred. If the (-naphthol is pure, 
the resulting azo-compound will precipitate completely in the shape of 
a fine crystalline powder, and hardly any colour will pass into solution, 
while the first portions of the diazo-compound are being added. On 
the contrary, if a-naphthol is present, a coloured solution will be formed. 
As little as 0.1% can be detected. If the rest of the diazo-compound be 
added, the presence of the a-naphthol compound is obscured by the 
formation of a thick colour paste. However, by boiling the product 
the paste is made to settle as a layer of fine crystals, and the superna- 
tant liquid is more or less coloured with the a-naphthol compound. 
The following short method may be used: Instead of combining the 
whole of the $-naphthol, only a part—say, 5% of the whole—is com- 
bined with diazo-compound. The diazo-paste prepared as above 
is well shaken and 37.5 c.c. run into the $-naphthol solution of the 
same quantity as above, and with the same precautions as already 
described. It is then not necessary to boil the product, as the in- 
soluble dyestuff formed settles readily, and by dipping strips of filter- 
ing paper into the supernatant liquid, and comparing the tint with 
that obtained similarly from mixtures of pure §-naphthol with a known 
percentage of a-naphthol, a fairly accurate idea of the amount of 
a-naphthol present can be obtained. The method can be further 


1]. Soc. Chem. Ind., 1897, 16, 894. 
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simplified by using colour solutions of known strength and same shade 
as that of the above coloured filtrate, for the purpose of comparison. 
With proper caution the method can be successfully applied to less than 
rt grm. A somewhat similar method, using diazotised p-nitraniline 
has been devised by Liebmann (J. Soc. Chem. Ind., 1897, 16, 294). 
In this paper the purification of (-naphthol is also described. The 
test is as follows: 

0.144 grm. of the naphthol is dissolved in 5 c.c. of pure alcohol in a 
graduated cylinder and 15 c.c. of toluene added. 0.14 grm. of 
p-nitraniline is dissolved in 9 c.c. of dilute hydrochloric acid and diazo- 
tised, after thoroughly cooling in a freezing mixture, with 1 c.c. of 
normal sodium nitrite solution. The diazo solution is poured into 
the naphthol solution, some water added, and the mixture, shaken and 
allowed to separate into two layers in a separating funnel. The 
toluene layer is shaken with 5 c.c. of sodium hydroxide solution and 
the colour of the liquid compared with that of solutions of 6-naphthol 
made in a similar way from (-naphthol containing known proportions 
of a-naphthol. These solutions must be freshly prepared, as the colour 
changes on'keeping. ‘This test allows of the estimation of such small 
quantities of a-naphthol as o.o1 grm. 

Detection of (-naphthol in Foods.—The marked antiseptic 
qualities of -naphthol render it suitable for use as a food-preservative 
but it has not been largely employed. For its detection in ordinary 
foods, the American Association of Official Agricultural Chemists 
suggested the following procedure, which covers also the detection of 
several similar antiseptics (Proc. 14th Ann. Conv., 1897, A.O.A.C., 
Bull. 51, U.S. Dept., of Agric.). 

200 grm. of the sample are acidified with dilute sulphuric acid, 
distilled with open steam, and the first 200 c.c. of the distillate extracted 
in a separating funnel with about 20 c.c. of chloroform. After being 
run off, the chloroform is rendered slightly alkaline with potassium 
hydroxide and heated for a few minutes almost to boiling. Colour 
changes occur as follows, if an antiseptic of the phenol class is present: 


PHENOL es sarcyectutee es Light red, to brown, to yellow, to colourless. 
O-CresOlisan cscs Lilac with tinge of orange. 

B-naphthol ....... Deep blue, to green, to brown. 

Salo remtersertsce os Light red. 


In Bulletin No. 107 (1907) the procedure recommended is as fol- 
lows: Extract 200 c.c. of the sample (or of its aqueous extract prepared 
Vow, Lil —17 
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by macerating 200 to 300 grm. of the sample with water made slightly 
alkaline with sodium hydroxide and straining through a cotton bag) 
with ro c.c. of chloroform in a separating funnel, add a few drops of 
alcoholic potassium hydroxide to the chloroform extract and place on 
a boiling water-bath during 2 minutes. The presence of §-naphthol is 
indicated by the formation of a deep blue colour which changes 
through green to yellow. 

Estimation of $-Naphthol.—This is seldom necessary as the best 
method of ascertaining the degree of purity of a sample of the com- 
mercial article is by means of the m. p. and the qualitative tests al- 
ready given. The methods that have been suggested for estimating 
G-naphthol, which will be briefly indicated, are only reliable when ap- 
plied to the pure substance. Thus, in the picric acid method, a-naph- 
thol, naphthalene, and other hydrocarbons are returned as §-naphthol. 
If the iodometric method is used. other substances. such as phenols are 
generally present which absorb iodine; a-naphthol, for instance, counts 
as $-naphthol. 

1. Picric Acid Method.—This is carried out by Kiister (Ber., 1894, 
27, 1101) exactly as in estimating naphthalene (see page 274) by means 
of picric acid. A weighed quantity of the substance is digested in a 
sealed flask (preferably under reduced pressure) on the water-bath, 
with a measured volume of a saturated aqueous solution of picric acid. 
The naphthol is converted quantitatively into an insoluble picrate, and 
the amount of picric acid remaining in solution is ascertained by titra- 
tion of an aliquot portion with N/1o barium hydroxide (see under 
Naphthalene). As [-naphthol picrate is slightly soluble in water, it is 
necessary to allow 0.0075 grm. of §-naphthol per 100 c.c. of picric 
acid solution used, this being the quantity which remains in solution at 
the ordinary temperature. 

2. Iodometric Method (Messinger and Vortmann, Ber., 1890, 23, 
2754).—3 grm. of the sample are dissolved in a solution of not less than 
3,5 grm. of sodium hydroxide (=C,,H,HO+4NaHO), and the solu- 
tion diluted to an exact volume, not less than 250 c.c. Ten c.c. of 
the solution are placed in a small flask, heated to 55°, and N/i0 
iodine solution added until the liquid shows a yellow colour, indicating 
excess of iodine. On shaking, a dirty green precipitate may be pro- 
duced. ‘The liquid is cooled, acidified with sulphuric acid, diluted to 
250 c.c., and an aliquot portion titrated with decinormal sodium 
thiosulphate to ascertain the excess of iodine. The figure for the 
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iodine actually used, calculated to the whole amount taken, and multi- 
plied by 0.3784, will give the amount of /-naphthol present. 

As the degree of action of the iodine varies with the concentration 
of the §-naphthol solution, Kiister (Ber., 1894, 2'7, 1905) gives a table 
of corrections to be introduced for different concentrations. 

As stated above, Messinger and Vortmann’s method is a general 
method for phenols, and is useless for $-naphthol in presence of such 
substances as phenol; cresols, salicylic acid, thymol, etc. 


f-NAPHTHOL ETHERS. 


G-Naphthol Methyl Ether ((-Methoxynaphthalene) crystallises 
from light petroleum in small leaflets, m. p. 72°, b. p. 274°. It is used 
in perfumery under the name Yara- Yara. 

G-Naphthol Ethyl Ether ((6-Ethoxynaphthalene), m. p. 37°, b. p. 
274-275°, crystallises in large plates from light petroleum. It is used 
in perfumery under the name zerolin, which is also applied to 
(-methoxynaphthalene. 


b-NAPHTHOLSULPHONIC ACIDS. 


Those sulphonic acids of $-naphthol which are of importance in 
dyeing will be dealt with in Vol. 5. 

Abrastol or asaprol is calcium /-naphtholsulphonate, (OH.C,.- 
H,.SO,),Ca. For detecting this substance, Bulletin No. 107 (1907) 
of the U. S. Dept. of Agriculture, Bureau of Chemistry, gives the 
following tests. 

1. Sinabaldi’s Test.—Make 50 c.c. of the sample alkaline with a 
few drops of ammonia and extract with 10 c.c. of amyl alcohol (ethyl 
alcohol is added if an emulsion is formed). Decant the amyl alcohol, 
filter if turbid, and evaporate to dryness. Add to the residue 2 c.c. of 
a mixture of equal parts of conc. nitric acid and water, heat on a 
water-bath until half the water has evaporated and transfer to a test- 
tube adding 1 c.c. of water. Then add about o.2 c.c. of ferrous sul- 
phate solution and an excess of ammonia drop by drop, shaking con- 
tinuously. If the precipitate is reddish in colour, dissolve it in a few 
drops of sulphuric acid and add ferrous sulphate and ammonia as be- 
fore. As soon as a dark coloured or greenish precipitate has been 
obtained, introduce 5 c.c. of alcohol, dissolve the precipitate in 
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sulphuric acid, shake well and filter. When abrastol is absent this 
method gives a colourless or light yellow liquid, while a red colour is 
produced when abrastol is present to the extent of o.or grm. 

2. Sanglé-Ferriére’s Method.—Boil 200 c.c. of the sample with 
8 c.c. of concentrated hydrochloric acid during one hour beneath a 
reflux apparatus. Abrastol is converted in @-naphthol which can be 
detected by the method given on page 257. 

Leffmann gives-the following test for the presence of abrastol in 
milk. To 1o c.c. add 0.5 c.c. of mercuric nitrate solution made by 
dissolving mercury in twice its weight of nitric acid and diluting with 
5 vols. of water. If abrastol is present a yellow colouration rapidly 
appears. In testing wines, acidify with a few drops of dilute sul- 
phuric acid and shake with an equal volume of chloroform or ether. 
To the chloroform or ethereal layer, a few drops of mercuric nitrate 
solution is added and the mixture shaken. If abrastol is present the 
mercury solution turns yellow and finally red. If a fat is examined it 
should be melted and the abrastol removed by shaking with 20% 
alcohol. The alcohol is removed by distillation and the residual 
aqueous solution is tested with the mercury solution as above. 


NITRONAPHTHALENES. 


The nitronaphthalenes, especially a-nitronaphthalene, are of im- 
portance in connection with explosives (see Vol. 3) as their presence 
renders nitroglycerin non-sensitive to concussion; when present, 
even in very small proportion, they prevent dynamite from freezing. 
They considerably increase the solvent action of nitroglycerin on 
nitrocellulose. 

a-Nitronaphthalene is also of importance as the material from 
which a-naphthylamine is prepared. It forms pale yellow needles, 
is easily soluble in alcohol and ether, insoluble in water, m. p. 61°, b. p. 


394°. The m. p. is the test of purity of the commercial article. 


ANTHRACENE AND ITS ASSOCIATES. 


By 8. S. SADTLER. 


In the distillation of coal-tar, the fraction passing over above the 
temperature of 270° is a heavy, greenish or reddish, oily liquid 
known as anthracene oil, which usually amounts to about 1/6 of the 
entire distillate. In the case of water-gas tar the anthracene oil is 
similar to that from coal-tar, but contains less crystallisable anthracene. 
On cooling completely, a granular, crystalline deposit is formed, which 
consists chiefly of a mixture of various solid hydrocarbons, of which 
anthracene is the most important and characteristic. The deposit is 
freed as much as possible from the adherent oil by filtration, pressure, 
or other mechanical means. Formerly it was sold in a pasty state, 
but the purification is now carried further. To obtain a superior 
product it is desirable to use powerful hydraulic pressure, and to press 
the crude anthracene, first cold and then hot, by which means a 30 to 
40% cake may be obtained without washing. The anthracene may 
be further purified by treatment, after crushing, with coal-tar naphtha 
boiling between 120° and 190°, which, in some cases, is subsequently 
washed out by petroleum spirit boiling between 70° and go°®.t An- 
thracene and the other chief constituents of the product thus obtained 
are described in the following sections. ‘The assay of the crude anthra- 
cene is described on page 282, et seq. 


H 
SAN AAS 
Anthracene. C,,H,,= | | a] 
ws 
laf 
Anthracene is formed in a variety of reactions taking place at high 
temperatures. It is a characteristic constituent of coal-tar from the 
1 The solvent is recovered by distillation. The residue consists largely of phenanthrene 


and liquid oils of unknown nature. It has been used for making lamp-black and mixed 
with other oils for use in creosoting. 
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manufacture of illuminating gas, and is also found in the tar produced 
by condensing the gas from by-product coke-ovens and in the tar 
obtained in the manufacture of gas by exposing petroleum to a high 
temperature as in carburetted water-gas. Anthracene is now manu- 
factured on a large scale from the high-boiling fractions of these tars 
(see above). It is contained in notable quantity in coal-tar pitch, and 
hence the distillation of this product has been carried as far as actual 
coking in order to obtain the greatest possible yield of anthracene, 
but the product was so impure, and is refined with such difficulty, that 
the manufacture from this source has been abandoned. In the United 
States and in other countries where coal-tar dye stuffs are not manu- 
factured to any extent, anthracene is not separated and is included in 
in the creosote used for impregnating wood. 

When quite pure, anthracene crystallises in colourless rhomboidal 
plates or shining scales, which exhibit a fine violet fluorescence. It 
melts at 213°, sublimes at about the same temperature in micaceous 
scales, and distils almost unchanged at about 360°.t It may be dis- 
tilled nearly unchanged in admixture with potassium hydroxide and 
Perkin recommended this as the only method by which crude anthra- 
cene could be purified on the large scale. 

Anthracene is insoluble in water, and in dilute acid and alkaline 
solutions. In cold alcohol chemically pure anthracene dissolves to the 
extent of 0.6% while benzene dissolves 0.9 and carbon disulphide 1.7% 
of anthracene. 

If picric acid be added to a solution of anthracene in boiling benzene, 
a compound having the formula C,,H,., C6H,(NO,),OH is formed. 
On cooling, this so-called picrate separates in ruby-red needles, which 
melt at 170°, and are soluble in a small proportion of alcohol with red 
colour, but on adding more alcohol the compound undergoes decom- 
position and the liquid is decolourised. The crystals are also decom- 
posed by water. 

Hot dilute nitric acid converts anthracene into a mixture of an- 
thraquinone with dinitroanthraquinone, C,,H«(NO,),0,. The latter 
substance crystallises in microscopic quadratic plates, and, according to 
Fritzsche, forms compounds with all the solid hydrocarbons associated 
with anthracene in coal-tar. With anthracene itself, Fritzsche’s 
reagent gives shining, rhomboidal, purple plates, which appear blue 


1 Nearly pure anthracene may be obtained by melting a partially purified sample in a 
retort and passing a strong current of air through it, when the anthracene is carried off and 
deposited in hrilliant flakes. 
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if the hydrocarbon be not quite pure; and if too impure, the reaction 
fails altogether. 

On gently heating, concentrated sulphuric acid dissolves anthra- 
cene with greenish colour, and at a higher temperature forms anthra- 
cene sulphonic acids. Fuming sulphuric acid acts violently on 
anthracene. : 

By the action of bromine or chlorine, anthracene is converted into 
various bromo- and chloro-derivatives. On treating dibromanthra- 
cene, C,,HsBr,, with oxidising agents, it is converted into dibromanthra- 
quinone, C,,H¢Br,O,, and this, when heated with potassium hydroxide, 
yields dihydoxyanthraquinone or alizarin, C,,Ho(OH),O,. Similarly, 
by treatment with chlorine, anthracene is converted into the theoretical 
weight of dichloranthracene, C,,HsCl,, a lemon-yellow crystalline 
substance resembling picric acid. The reaction forms an important 
step in the manufacture of artificial alizarin. 

By exposing purified anthracene suspended in benzene or xylene 
to the action of direct sunlight for several weeks a modification, for- 
merly called paranthracene, is obtained, but which Orndorff and 
Cameron! found to have the formula C,sH,., and propose the name 
dianthracene. It has a sp. gr. of 1.265 (7 
It differs from anthracene in many points. It is not soluble in benzene, 
is not attacked by ordinary nitric acid or bromine, and does not com- 
bine with picric acid. It is converted into anthraquinone by chromic 
acid or warm fuming nitric acid. 


). It melts at 244°. 


LA 
Anthraquinone. C,,H;0,= ex | 


Saws 
O 


Anthraquinone has the constitution of a diphenylene-diketone. 
It is produced by the action of oxidising agents on anthracene. 
Chromic acid is the best oxidiser for the purpose; with nitric acid, 
nitranthraquinone is apt to be produced. The details of the process 
are given on page 282 et seq. 

As usually prepared, anthraquinone appears as a felted mass of 
delicate crystalline needles of a yellowish or pale buff colour, but 
when purified by sublimation, it is obtained in long, delicate, lemon- 
yellow needles, or golden-yellow prisms. When pure, it melts at 

1 Amer. Chem. Jour., 1895, 658. 
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277°, and boils at a temperature between the points of ebullition of 
mercury and sulphur (over 360°). 

Anthraquinone is neutral in reaction, and insoluble in water and 
in dilute acid and alkaline liquids. It is sparingly soluble in alcohol 
and ether; more soluble in hot benzene. It is very stable, resisting 
the action of many reagents. It is not affected by hot hydrochloric 
acid, or by boiling with solution of potassium hydroxide or calcium 
hydroxide. It dissolves in hot nitric acid of 1.4 sp. gr., and is de- 
posited in crystals on cooling,—a more complete separation occurring 
when the acid is diluted. 

In concentrated sulphuric acid at 100° anthraquinone dissolves un- 
changed, and on exposing the solution to a moist atmosphere, is 
gradually redeposited in crystals, or may be obtained in a more 
finely-divided state by pouring the acid into water. Solution in 
sulphuric acid is employed for purifying commercial anthraquinone. 
When strongly heated with concentrated sulphuric acid, or more 
easily if fuming acid be used, entirely or in part with 66° acid, an- 
thraquinone is converted into a mixture of anthraquinone monosul- 
phonic and anthraquinone-disulphonic acid. These bodies are also 
obtained by the action of sulphuric acid on dichloranthracene, C,,Hs- 
Cl,, and play an important part in the manufacture of artificial ali- 
zarin. ‘The proportion of the 2 sulphonic acids formed depends on 
that of the sulphuric acid employed. On nearly neutralising the prod- 
uct with sodium hydroxide, sparingly soluble sodium anthraquinone- 
monosulphonate separates, and may be obtained in brilliant pearly 
scales by pressure and recrystallisation. Heated with sodium hy- 
droxide and potassium chlorate it yields pure alizarin. 

When fused with potassium hydroxide, anthraquinone yields 
potassium benzoate, and when ignited with or distilled over soda-lime, 
benzene is formed. 

By the action of certain reducing agents, such as sodium amalgam 
or sodium hydroxide solution and zinc dust, anthraquinone is con- 
verted into hydranthraquinone, C,,H,.O,. This reaction has been 
applied by A. Claus as an extremely delicate means of detecting anthra- 
quinone, and hence anthracene. A few particles should be placed in 
a test-tube with some sodium amalgam, covered with ether free from 
water and alcohol, and the whole well shaken together. On adding 
a drop of water a splendid red colour appears, but is destroyed by shak- 
ing in contact with air, reappearing on standing. If absolute alcohol 
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be substituted for the ether, the colour produced is dark green, turned 
to red by a trace of water, and destroyed by shaking with air. 

The marked characters and stability of anthraquinone render it 
the most convenient body into which to convert anthracene for the 
purpose of estimating it. The best method of effecting this is de- 
scribed on page 282. 

Anthracene Dihydride, C,,H,,=C,,H,..H,, occurs in coal-tar. 
It crystallises in colourless plates resembling naphthalene, fuses at 106°, 
and distils unchanged at 305°. It has a peculiar odour, sublimes 
at the temperature of boiling water, and distils readily with the vapour 
of water or alcohol. Anthracene dihydride is insoluble in water, but 
is readily soluble in alcohol, ether, or benzene, the solutions exhibiting 
a blue fluorescence, which is not shown by the solid substance. It is 
said not to yield a compound with picric acid. 

Anthracene Hexahydride, C,,H,6=C,,H,.H6, occurs in coal-tar 
with the dihydride, which it closely resembles. It melts at 63° and 
boils at 290°. 

Methylanthracene, C,,H,,=C,,H,(CH;,), occurs in small quan- 
tities in coal-tar, and is produced by the reduction of chrysophanic 
acid and other bodies. It resembles anthracene, crystallises from 
hot alcohol in thin, pale yellow, bright scales, and sublimes in greenish 
scales. It melts at a temperature variously stated at 200° to 210°, 
is sparingly soluble in alcohol, ether, and glacial acetic acid, but read- 
ily in benzene, chloroform, and carbon disulphide. It forms a picric 
acid compound similar to that of anthracene, and is dissolved by con- 
centrated nitric or sulphuric acid, especially if hot. 

Dimethylanthracene, C,«6H,,=C,,Hs(CH,)., resembles the last 
compound, melts at 224° to 225° and is supposed, though not proved, 
to exist in coal-tar. 


CONSTITUENTS OF CRUDE ANTHRACENE. 


The crude commercial anthracene, obtained from coal-tar in the 
manner described in outline on page 23, is an extremely complex 
mixture of hydrocarbons and other organic compounds, some of 
which have been but very imperfectly studied. The tables on pages 
266 and 267 give a synopsis of the principal hydrocarbons occurring 
in crude anthracene:* 


1 The structural formule have been compiled principally from the last (8th) German © 
edition of Richter’s Organic Chemistry, which gives for retene merely the general structure, 
as a methylpropylphenanthrene. In the formula for retene, given in the table, the assign- 
ment of the alkyls to particular points is merely provisional. 3 
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Besides the bodies classified in the foregoing table, and methyl- 
anthracene and the hydrogen additive compounds of anthracene 
already described, crude anthracene is apt to contain other hydro- 
carbons of which but little is known. A solid paraffin is present 
in considerable quantity in the crude anthracene made from the tar 
of cannel coal. 

Crude commercial anthracene also contains liquid hydrocarbons 
of high b. p. and almost unknown composition; the phenols corre- 
sponding to anthracene, phenanthrene, and probably to other hydro- 
carbons; and the nitrogenised bodies carbazol, imido-phenylnaphthyl, 
and acridine. 

The following is a more detailed description of the principal bodies 
occurring in association with anthracene in the crude commercial 
product. Some of their important reactions are described on page 
273 et seq.: 

Naphthalene, C,.Hs, has already been fully described. It can be 
separated from crude anthracene with tolerable facility, as it is taken 
up by solvents more readily than are the associated hydrocarbons, and 
has a lower m. p. and b. p. 

Diphenyl, C,,H,., dissolves readily in alcohol and ether, and crys- 
tallises from its solutions in large, colourless scales. It may be isolated 
from the indifferent oils of the fraction of coal-tar boiling between 
240° and 300° by treating them with warm sulphuric acid, sepa- 
rating the resultant mono- and dimethylnaphthalene-sulphonates, 
and cooling the undissolved oil to —15°, when the diphenyl sepa- 
rates out. Oxidation converts diphenyl into benzoic acid. 

Acenaphthene, C,,H,., is metameric with diphenyl. It occurs 
chiefly in the fraction of coal-tar distilling between 270° and 300°, and 
crystallises from the 280° to 290° fraction on cooling. It may be purified 
by crystallisation from hot alcohol or coal-tar naphtha, followed by 
careful sublimation. From alcohol it crystallises in long, colourless, 
lustrous needles, and from heavy tar oil in hard, brittle crysals. Ace- 
naphthene has an odour like that of naphthalene, is readily acted on by 
bromine, forms a sulphonic acid all the salts of which are readily 
soluble, and yields a nitro-compound with nitric acid. 

Acenaphthene dihydride, C,,H,.H.,, is stated to occur in coal-tar 
and to boil at 260° 

Diphenylmethane is crystalline and has an odour resembling orange 
peel. Oxidation with chromic acid converts it into benzophenone. 
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Fluorene, C,;H,., is contained in the fraction of coal-tar boiling 
between 290° and 350°, and particularly in the 295—-310° fraction, from 
which it may be isolated by repeated crystallisation from alcohol. 
Fluorene forms colourless, fluorescent scales, easily soluble in hot 
alcohol and in benzene, ether, and carbon disulphide. It yields 
derivatives with bromine and nitric acid. 

Phenanthrene, C,,H,., is metameric with anthracene, and occurs 
in the crude substance in very considerable proportion. It may be 
' separated from anthracene by fractional distillation followed by re- 
peated crystallisation from alcohol, in which liquid it is much more 
soluble than anthracene, and hence becomes concentrated, in the 
mother-liquors. It crystallises in colourless lustrous plates. The 
fusing-point of phenanthrene is much lower than that of anthra- 
cene, but it sublimes less readily than the latter hydrocarbon, 
though its b. p. is lower. It is also distinguished from anthra- 
cene by its behaviour with picric acid, with antimony and _bis- 
muth chlorides, and with chromic acid. Phenanthrene forms a 
sulphonic acid when heated to 100° with concentrated sulphuric acid, 
and with nitric acid yields a nitro-compound. Its behavior with 
chromic acid is described on page 278. 

Pseudophenanthrene, C,¢H,,, occurs in small quantity in the 
portion of crude anthracene soluble in acetic ether. It forms large, 
white, glistening plates, exhibiting no fluorescence, and melting at 
150°. This last character distinguishes it from phenanthrene and 
similar hydrocarbons, as does the fact that the picrate separates on 
mixing cold saturated alcoholic solutions of the hydrocarbon and 
picric acid. It is also characterised by the properties of the product 
formed on oxidising it with chromic acid. 

Fluoranthrene, or Idryl, C,.H,., occurs in the highest-boiling 
fractions of coal-tar, and is best separated from the accompanying 
pyrene by repeated crystallisations of its picric acid compound from 
alcohol. Fluoranthrene crystallises from dilute alcohol in large 
shining plates, from strong alcohol in needles. It dissolves in con- 
centrated sulphuric acid, on gently warming, with greenish-blue 
colouration, changing at a higher temperature to blue, and at length 
turning brown. 

Pyrene, C,¢H,., is contained in the fractions of the oils of coal-tar 
and crude anthracene boiling above 360°. On extracting these with 
carbon disulphide, evaporating the filtered solution to dryness, dis- 
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solving the residue in hot alcohol, and adding an alcoholic solution of 
picric acid, the picrate separates on cooling. The compound should 
be recrystallised several times from alcohol, decomposed by ammonia, 
and the separated hydrocarbon recrystallised from alcohol. It forms 
colourless, tabular crystals. 

Retene, C,sH,s, occurs in thin, unctuous scales in fossil pine- 
stems, in beds of peat and lignite; and is also produced in the dry 
distillation of very resinous fir and pine wood. It forms shining scales. 
Retene volatilises readily at 100° and slowly at the ordinary temperature, 
but is devoid of smell. It sinks in cold water and floats on boiling water. 

Chrysene, C,sH,,, is contained in the fraction of coal-tar which 
distils immediately before the occurrence of coking, when it is ob- 
tained in admixture with pyrene as a dry powder or yellow mass. 
On extracting this with carbon disulphide chrysene remains, and 
may be purified by crystallisation from hot glacial acetic acid or 
heavy tar oil. Turpentine oil also dissolves it, but in carbon disul- 
phide it is nearly insoluble. Chrysene forms brilliant scales, which 
when pure are colourless, but which are commonly obtained yellow, 
owing to the presence of chrysogene as a persistent impurity. Chrysene 
boils at about the same temperature as sulphur, with partial decom- 
position. It forms compounds with picric acid and dinitro-anthra- 
quinone, yields nitro-compounds with nitric acid, and dissolves in hot, 
concentrated sulphuric acid with purple colour. 

Chrysogene is the body which imparts to impure chrysene its yellow 
colour. Its formula has not been established. It is isolated from 
crude chrysene by frequent crystallisation from coal-tar naphtha, and 
washing with ether and alcohol. Chrysogene crystallises from boiling 
alcohol in yellow, cohering scales, which if very thin are pink, with a 
gold-green reflection. It dissolves in 2,500 of cold or 500 parts of 
boiling benzene, and in 10,000 of cold or 2,000 of boiling glacial acetic 
acid. The presence of 1/1000 part of chrysogene colors naphthalene 
and other hydrocarbons an intense yellow. Its solutions are rapidly 
decolourized on exposure to sunlight. Chrysogene fuses at 280-290° 
with partial decomposition, and dissolves without visible change in 
concentrated sulphuric acid. 

Benzerythrene, or Triphenylbenzene, C,,H,3=CoH,(C.H.),. 
This hydrocarbon forms the very last product obtained in the distil- 
lation of coal-tar pitch, and may thus be separated without difficulty. 
After nearly all the other bodies have passed over, the benzerythrene 
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appears as a vapour easily condensing to a bright-red powder, which, 
however, contains much chrysene and other bodies troublesome to 
separate. When pure, it forms white, shining scales which melt at 
207°, and are but sparingly soluble in alcohol, or even in boiling 
glacial acetic acid, but are more soluble in hot benzene. In strong 
sulphuric acid benzerythrene dissolves with green colour. The 
symmetric form has been obtained artificially. 

Picene, or parachrysene, C,,H,,, resembles chrysene, but is still 
less acted on by solvents. Its best solvents is high-boiling coal-tar 
naphtha. Picene melts at an exceptionally high temperature (330- 
345°), and boils at 518—520°. 

Paraffins, C,H,,,,- In the crude anthracene from the tar of 
cannel coal, such as is produced in Scotch and north-country gas works, 
a solid paraffin is present in considerable quantity and is a highly 
objectionable impurity, as it greatly reduces the value of the product 
and even renders some batches wholly unmarketable. It has been 
stated that water-gas tar creosote contains considerable quantities of | 
paraffins, but the reviser has examined several samples by the sul- 
phonation method described on page 384 and found less than in coal- 
tar and only a fraction of 1% based on the whole creosote fraction. 

Carbazol. Imido-diphenyl. Diphenylene-imide. 


as 


ek 
Ci2HoN = NH 
| 
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Carbazol often occurs in crude washed anthracene to the extent of 
1o or 12%. It is best isolated from the residue left in the retort after 
purifying crude anthracene by distillation with potassium hydroxide. 
It exists in this as a potassium derivative, C,,HsNK, which is decom- 
posed by water with formation of potassium hydroxide and regeneration 
of the carbazol. Carbazol fuses at 238° C., sublimes readily, and boils 
at about 355°. It forms colourless, crystalline, fluorescent scales or 
plates, which resemble anthracene. It is insoluble in water, and but 
little dissolved by cold alcohol, ether, chloroform, or benzene, but 
more readily by these solvents when hot. It has no basic prop- 
erties like acridine and forms no salts with acids, but substitution 
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products with potassium and with acetyl exist. Its characters are 
very similar to those of the hydrocarbons with which it is associated. 
Carbazol forms a compound with picric acid, and with nitric acid 
yields nitro-compounds. In pure cold sulphuric acid it dissolves 
with yellow colour, but in presence of the most minute trace of nitric 
acid, chlorine, chromic acid, or other oxidising agent, an intense green 
colouration is produced. It is employed for the preparation of several 
dye-stuffs. S.C. Hooker has suggested its use as a colorimetric test 
for nitrates in water. 


PHENYLNAPHTHYLIMIDS. Phenylnaphthylamine. 


This body is obtained by subliming the residue remaining after 
distilling crude anthracene. It crystallises in greenish or golden- 
yellow metallic-looking plates, melts when pure at 330°, and boils 
at a higher temperature than sulphur. It is but little soluble in alcohol, 
benzene, toluene, or glacial acetic acid, even when boiling, and with 
difficulty in high-boiling coal-tar naphtha. It is more soluble in hot 
aniline. Both in the solid state and when dissolved in benzene it is 
remarkable for its greenish fluorescence and banded, fluorescent 
spectrum, and broad and well-defined absorption bands. In the 
benzene solution, 2 are seen between F and G, and another slightly 
more refrangible than G. When the substance is examined in the 
solid state, the bands are nearer the red end of the spectrum. 

Fa a 

Acridine, C,,HN =| |], 

we ean 
body which may be isolated by agitating crude anthracene with dilute 
sulphuric acid, precipitating the solution with potassium chromate, 
purifying the acridine chromate by recrystallisation, precipitating 
the base by ammonia, and recrystallising it from hot water. The 
hydrochloride, which forms golden or brownish-yellow scales, may 
also be employed for the purification of the base. Acridine forms 


Acridine is a_ basic 
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colourless or brownish-yellow, rhombic prisms. It melts at 110°, 
sublimes in broad needles at about 100°, boils unchanged at 360°, 
and distils with the vapour of water. It is slightly soluble in cold, but 
more readily in boiling water, and is readily dissolved by alcohol, 
ether, carbon disulphide, benzene, etc. Acridine exhibits a feeble 
alkaline reaction, and combines with acids to form a series of yellow 
salts, all of which are crystallisable and most of them easily soluble. 
They suffer decomposition when boiled with a large quantity of water. 
In dilute solution acridine salts exhibit a strong blue fluorescence, 
which is green with more concentrated solutions, and disappears if 
they are very strong. With strong nitric acid acridine forms nitro- 
compounds. Sulphuric acid has no action except at a very high 
temperature, and potassium hydroxide does not react below 280°. By 
oxidising agents acridine is unaffected. Its most characteristic prop- 
erty is an irritating effect on the skin and mucous membrane. Violent 
sneezing and coughing are produced on inhaling the smallest particle 
of the dust or vapour, and even very dilute solutions of its salts cause 
acute stinging when applied to the skin or tongue. It has been used 
as an insecticide, and compositions containing it have been used for 
coating the bottoms of vessels. The preservative properties of coal- 
tar creosote oil may be in part due to acridine. 

Acridine picrate, C,,H,N,Cs6H,(NO.),0, is a canary-yellow 
crystalline salt, which is also wholly insoluble in cold, and is partially 
decomposed by boiling-water. It melts at 208°, and is but slightly 
dissolved by alcohol or benzene, even when boiling. 

For a more extended account of acridine salts see Vol. 5. 

Detection and Separation of Anthracene and Its Associates. 

The reactions of anthracene itself have already been detailed. 
The recognition and separation of the various constituents of 
crude commercial anthracene are attended with great difficulties. 
Fractional fusion and distillation are processes suggested by the tables 
on pages 266, 267, and the employment of suitable solvents and frac- 
tional crystallisation therefrom are methods often referred to in the 
foregoing description of the constituents of crude anthracene. Other 
useful processes and tests are based on the properties of their com- 
pounds with picric acid, on their reactions with concentrated sulphuric 
acid and with the fused chlorides of bismuth and antimony, and on 
the nature of oxidation products yielded on treating the solutions 
in glacial acetic acid with chromic acid. 

Vor, III.—18 
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Behaviour of Solid Hydrocarbons with Solvents.—The follow- 
ing table, due to G. von Bechi, shows the behaviour of anthracene 
and it associates with solvents. The sign » signifies that the substance 
dissolves in all proportions: 


| roo parts of toluene roo parts of absolute 
dissolve alcohol dissolve 
aM is Bae At r00° Ne Tso At 78° 
INe@patnalemeren ciara cel 31.94 x» 5.20 nw 
Phenanthrenc.. 2. tse .0 sacl 33.02 >) zeG2 10.08 
Amthracenenc ins. 0-e sce ook 0.92 12.94 | 0.076 0.83 
IPAVRENIO no eye isha aio choi cee tracts | 16.54 Very soluble. 5.37 3.08 
Clingemlovevaage voor eset t 0.24 5-39 0.097 Ont7 
PATA rag WOME. ae. ai ete 0.19 2.56 0.05 Pris 
War Da Zz0 arate anh ace teka Gencaens 0.55 5-46 0.92 3.88 
Imidophenylnaphthyl........ Scarcely 0.39-0.57 Scarcely 0.25 
soluble. soluble | 


Figures showing the behaviour of anthracene itself with some solvents 
are given on page 262. The comparatively slight solubility of anthra- 
cene in alcohol, carbon disulphide, and petroleum spirit was formerly 
applied to the assay of the commercial substance. 

The following data are due to W. H. Perkin: 


too parts of petroleum | roo parts of coal-tar 
spirit boiling between | naphtha boiling between 
70° and roo® dissolve 80° and roo° dissolve 
Hebemanithneme serosa rn 3.207 21.94 
PAU GUIGa COME qu nrid« teisei i: 0.115 | 0.976 
Dichloranthracene....... 0.137 Sg) 
PACING AC UUMOME: gases ae 0.013 0.166 
CA BaZO lume dernier eh kiss. < 0.016 0.51 


A process has been given by Zeidler for the further separation by 
solvents of such of the constituents of crude anthracene as are dis- 
solved by acetic ether. 


Compounds of Solid Hydrocarbons with Picric Acid. 


Most of the constituents of crude anthracene form characteristic 
crystalline compounds with picric acid, which have the general formula 
1 J. Soc. Chem. Ind., 1892, 98. 
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MC.¢H,(NO,),0, in which M represents a molecule of the hydrocar- 
bon. In some instances this reaction affords a valuable means of 
recognising the hydrocarbon. These so-called ‘‘picrates” are usually 
decomposed by water or alkaline solutions, and in some cases even by 
alcohol. To produce them a saturated solution of the hydrocarbon in 
hot benzene should be mixed with an approximately equivalent 
quantity of picric acid, also dissolved to saturation in hot benzene, 
and the mixed solution then allowed to cool. In other cases alcohol 
may be substituted for the benzene; for the detection of naphthalene, 
cold alcoholic solutions should be employed. The following is a 
description of the compounds of picric acid with the more important 
substances of this class: 


Naphthalene is the only solid hydrocarbon, except pyrene and 
pseudophenanthrene, giving a precipitate when its cold alco- 
holic solution is mixed with a cold alcoholic solution of picric 
acid. It forms stellate groups of yellow needles, melting at 149°. 

Diphenyl forms no definite crystalline compound. 

Acenaphthene.—The compound forms orange-yellow needles on 
cooling the boiling alcoholic solution. 

Fluorene.—The compound crystallises from benzene in slender 
red needles, melting at 81°. 

Phenanthrene.—The compound crystallises from benzene in 
yellow needles, melting at 145° and soluble in hot alcohol with- 
out decomposition. 

Pseudophenanthrene.—The compound forms readily on mixing 
saturated cold alcoholic solutions of hydrocarbon and picric 
acid. It crystallises in light-red needles, melting at 147°. 

Anthracene.—The compound is deposited from solution in hot 
benzene in ruby-red crystals, very soluble with red colour in 
a little alcohol, the solution being decolourized and compound 
decomposed on adding more alcohol. 

Fluoranthrene.—The compound forms reddish-yellow needles, 
melting at 182°, difficultly soluble in cold alcohol, and decom- 
posed by boiling with water. 

Pyrene.—The compound is deposited from hot alcohol as a red 
crystalline precipitate or long dark-red needles, melting at 
222°, nearly insoluble in cold alcohol, but very soluble in 
benzene and decomposed slowly by boiling with water. 
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Retene.—The compound forms orange-yellow needles, readily 
soluble in alcohol. 

Chrysene.—The compound crystallises from benzene in orange 
needles. It is decomposed by cold alcohol. 

Benzerythrene.—The compound is deposited from very concen- 
trated, hot alcoholic solutions in brownish-yellow flocks. 

Carbazol.—The compound forms large red prisms, fusing at 182°. 

Acridine forms a true picrate (see page 273). 


Quantitative Estimation. 


The reaction with picric acid has been made the basis of a method 
of estimating several of these hydrocarbons and their derivatives 
(F. W. Kiister, Ber., 1894, 1101). 

If substances that form insoluble compounds with picric acid be 
digested on the water-bath with a measured quantity of an aqueous 
solution of picric acid, nearly saturated at ordinary temperatures— 
about n/20—the original substance gradually disappears, and in ‘its 
place an equivalent quantity of the picric acid compound separates 
quantitatively, either at once or on cooling. The amount of picric 
acid in the original solution and in an aliquot portion of the filtrate 
from the molecular compound can be estimated by titration with 
barium hydroxide (using lacmoid as indicator), and the quantity of 
picric acid contained in the precipitate calculated. 

The digestion on the water-bath must take place in hermetically 
closed vessels. The substance to be determined, together with the 
measured volume of picric acid of known strength in excess, is placed 
in a flask, which must be nearly filled with the solution. The flask 
is closed with a good india-rubber stopper, through which passes a tube 
about 7 cm. long. The tube is sealed up at the lower end, and about 
1.5 cm. above the sealed end a small hole is blown in the side. When 
the side hole is just below the stopper, the air in the flask may be 
pumped out; then, on withdrawing the tube until the sealed end is 
flush with the under side of the stopper, the flask, having a vacuum in 
the upper part, may be disconnected from the pump and safely heated 
in the water-bath. The flask must be heated until the reaction is 
complete (2 hours—2 days), and frequently shaken during cooling, in 
order to wash down any material which may have sublimed into the 
upper part of the flask. After standing for a few hours, the picric 
acid in the filtrate is estimated by titration. Test analyses show 
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that the method is exact, except in the case. of (-naphthol, with 
which a correction must be introduced owing to the solubility of the 
molecular compound. For every too c.c. of picric acid solution, 
0.0075 grm. of 6-naphthol remain unprecipitated. 


Reactions of Solid Hydrocarbons with Metallic Chlorides. 


Watson Smith has proposed to employ fused antimonous chloride 
and bismuthous chloride as reagents for the discrimination of solid 
hydrocarbons. For this purpose a small quantity of the crystallised 
chloride is placed in a small porcelain crucible and melted, and then 
further heated over a small flame. A small particle of the hydrocar- 
bon to be tested is next placed on the side of the crucible, which is then 
so inclined that the melted chloride comes in contact with it. Fusion 
follows, accompanied in many cases by a colouration. On restoring 
the crucible to a vertical position, the coloured spot elongates and 
forms a coloured streak. Tested in this way, the hydrocarbons give 
the reactions shown in the following table: 


Hydrocarbon Reaction with antimonous | Reaction with bismuthous 
chloride chloride 

Naphthalene, pure....... No colouration. During) No colouration. During 

cooling, characteristic cooling, yellow, trans- 


rhombic tables form in 
the fused chloride. 

More or less carmine col- 
ouration. 


parent needles separate. 


More or less orange col- 
ouration. 


iDynleciavyll, — otk doe deo oce No colouration .......... No reaction. 
ipbenanthrene) jc vices Difficultly soluble. Faint! Brown or greenish-brown. 
: greenish colouration. 

ENVIS 0.0.6 Geena do ae Traces even give a yellow-| Purple-black colouration; 
ish-green colour. Col-| very characteristic. 
ourless needles formed 
during cooling. 

Dinaphtly steric). > No colouration.......... No reaction. 

Py MEMO nists cok tapsiele ak skojsieke Salmeras) phenanthrene: sats can ies eee nike rer aie 

(GV SOTG Waregenite. is (etsve"= 8: Mracesevem producemold=| iia. semaines aq cote = nels 
en-yellow colour. 

Stilbenemamtecrr.. sess sans IN Ate orale aml uhicc oe agncato senor oqodoodd: 
orange colour, destroyed 
at higher temperature. 

p-Phenylnaphthalene «s.as|| NO reaction). .cic. 29. osc |ese opie e es oo ee ose 

Triphenylmethane....... INOWreachion jr Greemishiccmt.c ci staal mera 


colour with excess. 
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Behaviour of Solid Hydrocarbons with Chromic Acid. 


When treated with oxidising agents, anthracene and many of the 
bodies occurring in association with it yield characteristic oxidation 
products. The best method of obtaining these bodies is to act on 
the hydrocarbons by a solution of chromic acid in glacial acetic acid. 
‘When the object is to obtain the immediate products of the oxidation, 
the treatment should be of limited duration and the oxidising agent 
should be employed in theoretical quantity or very moderate excess, 
but otherwise the process should be conducted as described on page 
282. The following is an epitomised account of the products ob- 
tained by the action of chromic acid in acetic solution on the principal 
constituents of crude anthracene: 

Naphthalene is apt to be completely oxidised to carbon dioxide 
and water, but by careful treatment may be converted into naph- 
thalquinone, C,,H,O,, and ultimately into phthalic acid, CgH,O,. 

Acenaphthene is oxidised to naphthalic acid, C,,HsO,. 

Diphenyl yields benzoic acid, C,H.O.. 

Fluorene is oxidised to fluorenone diphenylene-ketone, C,,HsO, 
which is volatile in a current of steam, and is deposited in crystals 
from its solution in alcohol. 

Phenanthrene is transformed by the chromic acid mixture into 
phenanthraquinone, C,,HsO,, and this is ultimately converted into 
diphenic acid, which is susceptible of still further oxidation. Phenan- 
thraquinone crystallises in dark orange-yellow prisms, melting at 
198°. It is sparingly soluble in hot water, but dissolves freely in 
benzene and acetic acid. Ignited with soda-lime it yields diphenyl, 
(Cc6H,), in almost the theoretical proportion, whereas anthraquinone 
gives benzene when similarly treated. The 2 bodies also differ in 
their behaviour with the acid sulphites of the alkali metals, with which 
anthraquinone does not combine. Phenanthraquinone, when warmed 
with solution of sodium hydrogen sulphite, is dissolved and may be 
reprecipitated by mixing the filtered liquid with hydrochloric acid. 
This reaction may be used for the detection of phenanthrene. The 
hydrocarbon is oxidised by warm chromic acid mixture, the oxidation- 
product treated with alkali, and then warmed with the sulphite solu- 
tion. Pyrenequinone gives a similar reaction. 

If a few drops of commercial toluene be added to a dilute solution 
of phenanthraquinone in glacial acetic acid, and, after thoroughly 
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cooling, concentrated sulphuric acid be then added, drop by drop, 
and the resultant solution treated with water after a few minutes, a 
colouring matter separates out which is dissolved with splendid violet- 
blue colouration on agitation with ether. This reaction depends on 
the presence of methylthiophene (thiotolene), C;H,S, in the toluene 
used (see page 211). 

Pseudophenanthrene yields a yellow quinone, fusing at 170° and 
soluble with facility in alcohol and cold benzene. 

Anthracene is converted by the chromic acid treatment into an- 
thraquinone, C,,HsO,, which is an exceedingly stable body, resisting 
further action to a remarkable degree. Its properties have already 
been fully described. 

Methylanthracene is converted into soluble anthraquinone-car- 
boxylic acid, C,,H,O,. COOH. 

Fluoranthrene is converted by the chromic acid mixture into 
fluoranthraquinone, C,;HgO., and an acid soluble in alkaline liquids. 

Pyrene yields pyrenequinone, C,sHgO,, which forms reddish crys- 
tals. It yields finally, and with some difficulty, products soluble in 
alkali. 

Retene forms fetenequinone, C,sH,6O.,, and other products. 
Retenequinone is a brick-red powder, crystallising from alcohol in 
orange-red needles, melting at 197°. It can be further oxidised 
only with great difficulty, and is insoluble in cold and dilute soda, but 
is dissolved by hot concentrated alkalies. 

Chrysene yields chrysoquinone, C,;gH,.O., and is afterward con- 
verted, with some difficulty, into phthalic acid, CsH6O,. Chryso- 
quinone has a deep-red colour, melts at 235°, and dissolves in strong 
sulphuric acid with deep indigo-blue colouration. 

Benzerythrene yields soluble products under the chromic acid 
treatment. 

Chrysogene, said to exist in considerable quantity in certain kinds 
of anthracene (see page 270), is alleged to be completely and readily 
converted into soluble products by the chromic acid mixture. This 
is doubtful, for— 

Imidophenylnaphthyl (described on page 272), yields a quinone 
of the formula C,6H,N.O., which forms reddish-yellow needles and 
obstinately resists further oxidation. It appears always to be pro- 
duced by the oxidation of anthracenes which give banded absorption- 
spectra, and leads to excessive estimates of the yield of real anthra- 
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cene. The quinone is destroyed by prolonged treatment with fuming 
sulphuric acid at 100°. 


Behaviour of Solid Hydrocarbons With Benzal Chloride. 


E. Lippmann and J. Pollak (Monatsh., 1902, 23 (6), 670-671) 
have devised the following tests: 

The colour reactions given in the following table are observed by 
suspending the hydrocarbons in concentrated sulphuric acid and 
adding in the cold a few drops of benzal chloride (benzylidene 
chloride), CsH,;CHCL,. 


Hydrocarbons Colour 
ANENTACCN@s eo ka.uedadankn eer =o ah Malachite green. 
Naphthalene sence. cesar aver | Magenta. 
TBENZENCY asl) etek feos ve eee) Laght yellow: = - 
POIMENE eee ast yire ise, Fc citi enc eed. seo Light ie, pike 1 act Mebane = 
ENV lence Merete eh hohe Seman er eee | Orange. Seep 
MEN AMUATOE Rc cutie ets ie eer eee Carmine. 
Hpeipienylmaethanesa.n es ee eases ek Faint yellow. 
PICO VOM eye artis dee ohmic cee eo eas Olive-green after a short time 
Wiphenylmerbanen ces ote eer Brick-red. 
SIDES ia. cctttia Grain ee.ciie oyaritors wus Bluish-green. 
SPSCHOOCUMENE ss ne s.c teks cle © ciel cls Orange-red. 
EERTVSEN Syed ue uhe velar batlereiietie Orange. 
PAVE CIO Sota hoan Statefetts esses wins weavie layers | Emerald-green becoming deep blue. 
NCCMADOEHOUGs pmntac vi can oc iN ie ac Dark blue. 
Dibenzylanthracene............... Yellowish-green. 
Gry Sene aan diecin Guess, shevecees A ees Light yellow, then light green, and finally 

dark olive-green. 


The paraffin in crude anthracene is practically unaltered by treat- 
ment with the chromic acid mixture. 

A dark green hydrocarbon, fusing at 271°, is occasionally 
present in anthracene. It is soluble with difficulty in’ glacial acetic 
acid, and should, if present, be separated as far as possible by this 
solvent before employing the chromic acid mixture, as its oxidation 
is very difficult to effect. 

‘Assay of Crude Anthracene.—Commercial crude anthracene is a 
green or brownish-green friable mass or crystalline powder. It con- 
tains a very variable percentage of real anthracene, the usual propor- 


* The hydrocarbons marked with an asterisk give the same colour with sulphuric acid 
alone, no alteration taking place on the addition of benzol chloride. 
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tion being from 30 to 40%, though formerly 159% was common, and 
special makes now assay over 80%. It cannot be too strongly insisted 
on that the true value of a sample of crude anthracene is dependent 
not merely on the proportion of real anthracene contained in it, but 
also on its comparative freedom from objectionable impurities. 

The parafin existing in Scotch and north-country anthracenes 
has a high m. p., and little solubility in either petroleum or coal-tar 
naphtha. It dissolves in the hot liquids, but is almost entirely de- 
posited on cooling. A small percentage of this paraffin greatly impedes 
the subsequent treatment of the anthracene, and, being a very stable 
substance, it passes through most of the processes unchanged. Ex- 
perience has proved that in the operation of oxidising anthracene on a 
large scale, by treatment with potassium bichromate and dilute sul- 
phuric acid, all other admixtures may be dealt with and to a great 
extent removed, but paraffin resists the oxidising action, melts, and 
retards the operation to a hopeless extent. Hence a search for this 
objectionable impurity should never be omitted, unless it be known 
to a certainty that bituminous shale or cannel coal has had no share in 
the production of the sample. It may be detected and estimated in 
crude anthracene in the following manner: 1o grm. of the sample is 
treated with 108 c.c. of strong sulphuric acid. The mixture is heated 
on a water-bath for about ro minutes, or until the anthracene is com- 
pletely dissolved. Any considerable quantity of paraffin will rise to the 
surface in the form of oily globules. The solution obtained is cau- 
tiously poured into 500 c.c. of water contained in a tall beaker. After 
being thoroughly stirred the liquid is allowed to cool, when any par- 
affin will rise to the surface, and, having solidified, can be removed, 
washed with a little cold water, dried between blotting paper, and 
weighed. From 2 to 5% is the quantity commonly present in Scotch 
anthracenes. 

Hensler ‘and Herde (Zeit. f. ang. Chem., 1895, 283) employ the 
following method for estimating the paraffin in crude anthracene: 
2 grm. of the sample are weighed into a 150 c.c. flask, and fuming 
nitric acid added slowly—at first, drop by drop—the flask being 
kept cooled by ice-water. After the mass has been completely digested 
with the acid the flask is warmed on the water-bath until the undis- 
solved material melts. The mixture is allowed to cool, filtered through 
asbestos, the filter washed thoroughly with fuming nitric acid, and 
then with water until a drop of the filtrate gives no turbidity 
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with water. The filter is washed with alcohol and subsequently by 
warm ether to dissolve the paraffin. The alcohol filtrate is evapo- 
rated in a weighed dish, the ether solution added and evaporated, 
the residue dried for 30 minutes at 105° to 110° and weighed. 

According to B. Nickels, samples of crude anthracene containing 
phenylnapthylimide show the highly characteristic absorption spec- 
trum of this substance; 2 broad, well-defined black bands between 
F and G and another slightly more refrangible than G. Samples 
exhibiting these bands are purified with some difficulty, and yield by 
oxidation an impure anthraquinone containing many amorphous 
particles. For observing the spectrum of the sample, about 1.25 
grm. should be be dissolved in 6 c.c. of warm benzene, the liquid 
passed through a dry filter, and observed with a spectroscope. A 
micro-spectroscope or a direct-vision pocket spectroscope will suffice. 
The intensity of the absorption-bands is an approximate measure of 
the objectionable impurities of the sample. 

Carbazole and phenanthrene in anthracene are detected, accord- 
ing to H. Behrens (Chem. Centr., 2, 540 (1902), as follows: The sample 
is extracted in the cold with acetic ester, the solution allowed to evapo- 
rate and the residue transferred by the aid of a few drops of the same 
solvent to a watch glass. On evaporation the carbazole is left behind; ° 
when treated with a drop of nitro-benzene and phenanthraquinone, 
it yields characteristic small copper-coloured plates. Phenanthrene 
is detected by extracting with benzene and treating the evaporation 
residue of the extract with a di-nitrophenanthraquinone dissolved in 
nitro-benzene. 

Anthraquinone Test.—For the quantitative assay of commercial 
anthracene the most satisfactory method is that based on the forma- 
tion of anthraquinone by the action of chromic acid. This is a charac- 
teristic, insoluble substance, not liable to further change, while nearly 
all the associates of anthracene are, by the same treatment, either 
completely oxidised or else converted into products readily removed 
by water or dilute alkali. 

This method was first proposed by E. Liick, and, with suitable 
modifications, affords a very satisfactory solution of a difficult problem. 
The following mode of operating is essentially that of Meister, Lucius, 
and Briining, with some precautions and modifications recommended 
by G. E. and T. H. Davis, who verified the accuracy of the method by 
operating on pure anthracene and impure samples of known compo- 
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sition. The test is commercially known as ‘Meister, Lucius, and 
Briining’s anthraquinone test, with appendix.” 1 grm. of the care- 
fully sampled specimen is placed in a flask of 500 c.c. capacity. 45 C.c. 
of the very strongest glacial acetic acid is then added, and an inverted 
condenser or long glass tube adapted to the flask. The liquid is then 
brought to the b. p., and, while boiling, the chromic acid is added to 
it gradually, drop by drop, by means of a tapped funnel passing 
through the india-ruber stopper of the flask, or inserted in the top of 
the vertical condenser (Fig. 9). The chromic acid solution is prepared 
by dissolving 15 grm. of crystallised chromic anhydride (perfectly 
free from lead salts and insoluble matter generally) in 10 c.c. of water 
and 10 c.c. of glacial acetic acid. The addition of the oxidising agent 
should occupy 2 hours, and the contents of the flask should be kept 
in continued ebullition for 2 hours longer, 4 hours in all being nec- 
essary to ensure complete oxidation of the impurities. The flask is 
then left at rest for 12 hours, when the contents should be diluted with 
400 c.c. of cold water and allowed to rest another 2 hours. The 
precipitated anthraquinone is then filtered off and well washed with 
cold water. It is next washed on the filter with a boiling-hot 1% 
solution of sodium hydroxide, and again thoroughly washed with boiling 
water, about 300 c.c. being employed. The anthraquinone, which 
should exhibit no alkaline reaction, is then rinsed from the filter into 
a small dish by means of a jet of water, the water evaporated off, and 
the residue dried at 1oo° and weighed. 

The anthraquinone obtained in the foregoing manner is rarely 
sufficiently pure to allow of the percentage of real anthracene in the 
sample being at once calculated from its weight. Several methods 
have been proposed for the further purification of the crude product, 
but the following improved “‘appendix” by Meister, Lucius, and 
Briining, commercially known as the ‘sulphuric acid test of October, 
1876,” is now universally employed. The crude anthraquinone is 
mixed in the dish in which it was weighed, with 10 times its weight of 
fuming sulphuric acid having a sp. gr. of 1.880 at 60° F., and the 
whole heated to roo? on a water-bath for 10 minutes. The solution 
obtained is next left in a damp place for 12 hours to absorb water. 
200 c.c. of cold water are then added, the precipitated anthraquinone 
collected on a filter, and washed free from acid with cold water, then 
with about roo c.c. of boiling sodium hydroxide solution (1%), and 
finally with about 400 c.c. of boiling water. The character of the 
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quinone is an indication of its purity, a deep yellow or orange tint 
indicating the presence of phenanthrene- or chrysene-quinone. The 
latter body is also recognised by the production of an indigo-blue 
colouration on adding the sulphuric acid. With impure anthra- 
quinones both the acid filtrate and the alkaline washings are deeply 
coloured—brown, purplish, and bluish tints being the most common. 
The greater part of the moist anthraquinone is then transferred to a 
flat platinum or porcelain dish by means of a spatula, the remaining 
portion being rinsed off the filter into the dish by means of a fine jet 
of water. The water is then evaporated off at 100°, and the residue 
weighed. An alternative method is to dry the anthraquinone on the 
filter, and then remove it. To avoid loss, the stained portion of the 
filter may be cut small and heated in a test-tube with about 1 c.c. of 
benzene. ‘The resultant solution is poured off into a small dish, and 
the residue obtained by its evaporation added to the main quantity 
of anthraquinone. The difference in the result caused by the benzene 
treatment often amounts to 0.2% of the crude anthracene, owing to 
the loss in the other methods by imperfect removal from the filter. 
Hence, when the analyst is not limited by the conditions of the contract 
note, treatment of the filter with benzene should not be neglected. 
Either of the foregoing methods of treatment is preferable to weighing 
the anthraquinone on the filter, which is apt to be altered in weight 
by the reagents employed, though this source of error may be to a 
great extent avoided by using a double filter, the apex of the outer one 
being cut off. The weights of the 2 filters are accurately adjusted 
before use by trimming with a pair of scissors, and on weighing the 
anthraquinone, the outer filter is used as a counterpoise to the inner. 
H. Bassett (Chem. News, '73 (1896), 178) has proposed the follow- 
ing modification of this method: After the washing of the anthra- 
quinone collected on the filter, it is dried in the water-oven and then 
transferred to a flask of the usual size, with a short and wide neck, 
using a small wash-bottle containing 45 c.c. of glacial acetic acid to 
rinse the filter-paper and funnel. (The hardened filter-paper now 
furnished would probably serve well.) 10 c.c. of pure nitric acid 
(sp. gr., 1.4) and 2.5 c.c. of chromic acid solution are added, and the 
mixture boiled for an hour, using a reflex condenser. The flask is 
allowed to stand overnight, then diluted to 400 c.c., filtered, washed 
with water, and then with boiling solution of sodium hydroxide as 
above Bassett (Chem. News, 71 (1895), 202) states that samples of 
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chromic anhydride often contain considerable sulphuric acid, but this 
does not interfere seriously with the test. 

The weight of anthraquinone thus obtained ought not to be regarded 
as representing that of the pure product, as it usually contains ex- 
traneous matters, such as sand, and frequently chromium. Some 
anthracenes yield anthraquinones which carry much chromium ses- 
quioxide. Hence the dish should be gradually heated so as to com- 
pletely sublime the anthraquinone, and the residue obtained deducted 
from the weight previously found. This corrected weight of the 
anthraquinone, multiplied by the factor 0.856, gives the real anthra- 
cene in the weight of the sample employed. 

The anthraquinone obtained by the above process should be crys- 
tallised and of a uniform pale-yellow colour. The purer it is, the 
paler the colour. Certain strange quinones are apt to be present in 
some cases, and are recognisable by the modified form of the crystals 
and the colour of the product. Phenanthraquinone is orange, and 
chrysene-quinone deep red. Continued treatment with the chromic 
acid mixture removes all these bodies, but does not affect the quinone, 
C,6H,NO,., produced by the oxidation of imido-phenylnaphthyl re- 
ferred to on page 272 as giving a characteristic absorption-spectrum. 
This substance, unlike the quinones from phenanthrene, chrys- 
ene, etc., tends to prevent the crystallisation of the anthraquinone, 
and is one of the sources of the so-called ‘“‘amorphous particles” which 
are frequently present in sufficient quantity to obliterate all trace of 
crystallisation in the oxidised product. This troublesome impurity 
may, however, be destroyed by a somewhat longer-continued heating 
with sulphuric acid in the manner already described, and hence this 
supplementary treatment should never be omitted in the case of samples 
which originally showed absorption-bands, or which have produced 
crude anthraquinones of unhealthy appearance. 

Estimation of Anthracene in Tar and Pitch.—For the estima- 
tion of anthracene in coal-tar, C. Nicol (Ztschr. anal. Chem., 1875, 318) 
distils 20 grm. in a small luted retort, and the vapours are received in a 
U-tube, kept at 200° by being immersed in a bath of hot paraffin. 
The more volatile products are not condensed, but the anthracene 
and other hydrocarbons of high b. p. collect in the U-tube. Care must 
be taken to prevent bumping and the condensation of the distillate on 
the neck and sides of the retort. When the contents of the retort be- 
come coked, the process is stopped and the neck is cut off, pounded, 
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and the powder added to the distillate. The whole is then dissolved 
in glacial acetic acid, and subjected to oxidation with the chromic acid 
mixture in the manner already described. Watson Smith considers 
20 grm. far too small a quantity. He operates on at least a litre, and 
rejects the portion distilling just before coking, as it contains much 
resinous matter of an objectionable kind, and would not in practice be 
treated for anthracene. The anthracene oil is well mixed and an 
aliquot part oxidised. 

In some cases it is preferable to reject the fraction distilling between 
200° and 250° as it contains little or no anthracene, and in tars rich in 
naphthalene is so large in quantity as materially to impede the subse- 
quent treatment. The anthracene may be further concentrated by 
cooling the heavy oils to a low temperature, filtering, and pressing the 
deposit of solid hydrocarbons between folds of filter-paper. The 
crude anthracene thus obtained is then oxidised to anthraquinone in 
the usual way. Ordinary gas-works coal-tar contains from o.3 to 
0.5% of real anthracene, but from the tar obtained from Simon- 
Carves coke-ovens Watson Smith obtained 0.73% of anthracene, and 
A. H. Elliott found as much as 2.63% in the tar produced in the 
manufacture of water-gas from petroleum naphtha. 


PHENOLS. 


BY>Sa0, 34D TLER: 


The bodies termed phenols are intermediate in character between 
acids and the true aromatic alcohols, of which benzyl alcohol is the type. 

The monohydric phenols have the general formula C,H,,,_.OH. 
Of these, phenol and cresol are described in the following sections. 
Thymol, C,,.H,,OH, which is a higher homologue of these bodies, will 
be considered in connection with the essential oils. The naphthols, 
C,.H,OH, which are closely related to the monatomic phenols, are 
described on page 252. 

The Dihydric Phenols or Hydroxyphenols, C,H,,,..(OH)., 
are described on page 335. Catechol (or pyrocatechin), resorcinol, 
and quinol (or hydroquinone) are isomeric substances of the formula 
C.6H,(OH),. Orcinol, or orcin, C;H«(OH).,, obtained from various 
lichens, is a phenol homologous with resorcinol. 

The trihydric phenols or dihydroxyphenols are represented by 
pyrogallol and phloroglucinol, Cs5H,(OH),. 

Certain ethers of catechol and pyrogallol are described in the 
section on ‘‘Wood-tar Creosote” (page 347), in which liquid they are 
present in large proportion. 


MONOHYDRIC PHENOLS. C,H,,,0H. 


The monohydric phenols form a homologous series, of which 
phenol proper, or carbolic acid, is the first member, and the cresols 
form the next homologue. 

Of the higher members of the series, some exist in the tars produced 
by the distillation of coal and wood (e. g., xylenols); others in certain 
natural essential oils (e. g., thymol); while others again have hitherto 
been obtained by synthetical reactions only. The higher monohydric 
phenols present a close resemblance to phenol in their general char- 
acteristics. They may be distilled without decomposition, are but 
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slightly soluble in water, but dissolve readily in aqueous alkalies, 
alcohol, and ether. 

The monohydric phenols may be regarded as being formed from 
benzene and its homologues by the substitution of a molecule of 
hydroxyl for an atom of hydrogen in the principal chain. All but the 
lowest term are susceptible of isomeric modifications, according to the 
relative positions of the hydroxyl and other substituted radicals in the 
benzene nucleus. 

The difference in structure between the monohydric phenols and 
the true aromatic alcohols, typified by benzyl alcohol, is shown by the 
following example, all four bodies having the empirical formula 
CrbsW): 


Varieties of cresol or Benzyl alcohol or 
methyl-phenol. phenyl-carbinol, 
Orthocresol (1-2) Metacresol (1-3) Paracresol (1-4). 
OH OH OH CH,OH 
Tare PS an oN 
| | ae, ka 
| | (Cieh, } } | } 
SY we Oe Res 


The monohydric phenols are distinguished from the alcohols of the 
benzyl series by the following reactions: 

a. Hydrochloric acid is without action on the phenols, but (e. g.) 
converts benzyl alcohol into benzyl chloride, CsH,CH,Cl. 

b. Phenol readily dissolves in concentrated sulphuric acid to form 
phenolsulphonic acids, while benzyl alcohol is resinified by similar 
treatment. 

c. On treatment with oxidising agents the phenols yield quinones, 
but benzyl alcohol yields benzoic acid. 

d. Nitric acid converts the phenols into well-characterised nitro- 
derivatives of acid character, but benzyl alcohol is oxidised by the 
same reagent to benzoic aldehyde and benzoic acid. 

e. The phenols dissolve in solutions of alkalies to form compounds 
in which they play the part of an acid. The acid character is less 
marked in the higher members of the series, but the chloro- and nitro- 
derivatives have strongly acid properties, not only dissolving in solu- 
tions of alkaline hydroxides, but decomposing carbonates with effer- 
vescence and forming definite and stable salts. 
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f. Ferric chloride produces a characteristic blue or violet colour 
with many of the phenols and their derivatives. 

g. On adding hydrochloric acid to the aqueous solution of a phenol, 
immersing a slip of pine-wood and allowing it to dry, a blue colour is 
developed. 

h. The phenols react immediately with excess of bromine water 
to form bromo-derivatives (usually containing Br,), which are usually 
white or yellowish, and are insoluble or nearly insoluble bodies. 

The reactions of the phenols of serivce for their recognition are 
described more in detail on page 295. 


PHENOL. CARBOLIC ACID. 
Hydroxybenzene. C,H,OH. 


Phenol is formed in various analytical and synthetical reactions, but 
the principal source of commercial interest is the fraction of coal-tar dis- 
tilling between 150° and 200°. On treating this with sodium hydroxide, 
phenol and its homologues are dissolved, together with a certain amount 
of naphthalene and other indifferent bodies. These are partially pre- 
cipitated on diluting the alkaline liquid, and become further oxidised 
on exposing the solution to the air. On treating the liquid with an 
excess of sulphuric acid the liberated phenols form an oily layer, which 
is separated, from the aqueous liquid. From the crude material so 
obtained, pure phenol is obtained by fractional neutralisation, the 
homologues having less defined acid properties. On again liberating 
the phenol from its sodium compound a product is obtained which is 
fractionally distilled. ‘The portion passing over within a few degrees 
of 182° is subjected to a freezing mixture, when crystals of phenol 
form, which are separated from the liquid by a centrifugal machine. 
The product may be further purified by a repetition of the process. 

For the synthetic preparation of phenol several methods may be 
employed, 2 of which are of sufficient importance to be briefly de- 
scribed (H. W. Jayne, Amer. Jour. Pharm., 1891): The first, or 
sulphonate method, is similar to that used in preparing the naphthols. 
Pure benzene, free from thiophen, is placed with about 5 times its 
weight of strongest commercial sulphuric acid in closed cast-iron pots. 
While the mixture is slowly stirred the vessel is gently heated with 
steam in such a manner that the vapours of benzene which pass over into 
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the cooler are continually returned to the kettle. After a number of 
hours the reaction is finished, and the benzene not acted on is collected 
as it flows from the cooler. The crude benzenesulphonic acid formed, 
mixed with the excess of sulphuric acid, is allowed to cool, and then 
diluted with water in a lead-lined tank. Slaked lime is added to the 
hot solution in sufficient quantity to render it faintly alkaline; andthe 
calcium sulphate formed separated by means of a filter-press. The 
clear liquor containing calcium benzenesulphonate is treated with 
sufficient sodium carbonate to precipitate all the calcium as carbonate, 
and the filtered liquid is evaporated to dryness, leaving the sulphonate 
as a white powder. Sodium hydroxide is then melted in a cast-iron 
kettle, and small portions of the dry sodium benzenesulphonate, pre- 
pared as above, are gradually added, the whole being kept in quiet 
fusion for some time. The melt now contains sodium phenate, 
sodium sulphite, and the excess of sodium hydroxide: 
Ce6H,;SO,Na + 2NaOH = C6H.ONa + Na.SO; + HO. 

It is ladled from the kettle into pans and allowed to cool, broken 
up, dissolved in water, and the solution acidified with sulphuric or 
hydrochloric acid. The phenol thus liberated separates from the con- 
centrated salt solution, and is distilled. 

In melting the sodium benzene-sulphonate with sodium hydroxide 
it is necessary, in order to obtain a good yield, to use a very large excess 
of the latter. A better yield is obtained with potassium hydroxide. 

It has been proposed to treat the melt, after dissolving in water, 
with carbon dioxide, which would liberate the phenol equally as well 
as a stronger acid, and in addition would form sodium or potassium 
carbonate, which, together with the sulphite already present, could 
be converted into the hydroxide by treating with lime, and this used 
for a second operation. 

The second method is much simpler. A pure aniline oil, prefer- 
ably that grade called ‘“‘aniline for blue,” is dissolved in water in a 
lead-lined tank covered with a hood, and provided with stirrers and 
leaden steam-coils. The solution is acidified very strongly with 
sulphuric acid, and to the hot liquid a solution of commercial sodium 
nitrite is gradually added, when phenol is at once formed. 

In this reaction the sodium nitrite in contact with the acid solution 
liberates nitrous acid, which forms diazobenzene sulphate with the 
aniline sulphate: 

(CsH;NH.) 2H,SO,+ 2HNO, =(CoH,N.)2S0,+4H,0; 
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but, as the solution is hot, the diazo-compound at once decomposes, 
with the formation of phenol and evolution of nitrogen: : 


(C6H,N.)2SO,+ 2H,O =2CsH,OH+H.SO,+4N. 


Pure phenol may be prepared by heating crystallised salicylic acid, 
either alone or mixed with pounded glass or lime, strongly and rapidly 
in a glass retort. Phenol passes over into the receiver, and crystallises 
almost to the last drop. 

Pure phenol is a colourless solid, crystallising in long needle and 
melting at 42.2° to a colourless, limpid fluid, slightly heavier than 
water, which boils at 18° and distils without decomposition. Speci- 
mens having a lower m. p. than 42° contain cresols or water. The 
taste of phenol is biting, but at the same time sweet. The odour is 
usually strong and characteristic, but both smell and taste are much 
less marked in pure specimens than in the crude article. 

The United States Pharmacopceia contains the following specifi- 
cations and tests for a phenol of medicinal purity, but not absolutely 
pure phenol. 

Colourless, interlaced, or separate needle-shaped crystals, or a white, 
crystalline mass, sometimes acquiring a reddish tint; having a charac- 
teristic, somewhat aromatic odour; when copiously diluted with water, 
it has a sweetish taste, with a slightly burning after-taste, and, when 
undiluted, cauterizes and whitens the skin and mucous membrane. 

Soluble in 19.6 parts of water at 25° (77° F.), the solubility varying 
according to the degree of hydration of the phenol; very soluble in 
alcohol, ether, chloroform, benzene, carbon disulphide, glycerin, 
fixed and volatile oils; almost insoluble in petroleum benzin. 

When gently heated, phenol melts, forming a highly refractive 
liquid. It is also liquefied by the addition of about 8% of water. 
If the phenol be liquefied by a gentle heat, and then slowly cooled 
under constant stirring, until it is partly recrystallised, the semi- 
liquid mass should have a temperature (remaining stationary for a 
short time) not lower than 40° (104° F.). 

Phenol should have a b. p. not higher than 188° (370.4° F.). A 
lower b. p. or a higher m. p. indicates a less hydrated phenol. When 
heated upon a water-bath, it should be volatilised without leaving a 
residue. The vapour is inflammable. 

Phenol is faintly acid to blue litmus paper. 

Its aqueous solution yields, with bromine water, a white precipitate 


292 PHENOLS. 


of tribromphenol, which at first redissolves, but becomes permanent as 
‘more of the reagent is added, and appears crystalline when viewed 
under the microscope. 

On adding to 10 c.c. of an aqueous solution of phenol (1 in 100) 
rt drop of ferric chloride T. S., the liquid acquires a violet-blue colour, 
which is permanent. 

t volume of cold, liquefied phenol (rendered liquid by the addition 
of 8% of water) forms, with 1 volume of glycerin, a clear liquid which 
is not rendered turbid by the addition of 3 volumes of water (absence 
of creosote and of cresol). The crystals of phenol readily absorb 
water from the air, whereby the fusing-point is lowered. 


MELTING-POINTS OF AQUEOUS PHENOL.! 


Temperature, ° Of phenol, % Of water, % 
42.1 . 100 0.00 
42 99-97 0.03 
41 99-67 °.33 
40 99-37 0.63 
39 99.07 0.93 
38 98.77 T23 
37 98 .47 1.53 
36 98.17 1.83 
35 97-87 2.13 
30 96.32 3.68 
25 94.65 5-35 
20 2.577, Figo 
15 90.51 9-49 
Io 87.70 T2530 


In hot water phenol is much more soluble, and is miscible in 
all proportions of about 70°; but in water saturated with sodium 
chloride or sulphate it is but slightly soluble. Anhydrous phenol 
is miscible in all proportions with alcohol, glacial acetic acid, 
glycerol, ether, benzene, carbon disulphide, and chloroform. When 
aqueous phenol is shaken with excess of any one of the last 4 sol- 
vents, the phenol dissolves and the contained water is separated. 
According to Staveley, absolute phenol is soluble in petroleum spirit, 
but is separated by water. This separation is prevented by the pres- 
ence of from 20 to 25% of benzene. 

The above statements as to the solubility of phenol are the result 


of Allen’s personal experience. The solubility is often misstated, 
1Private communication from Launcelot W. Andrews, St. Louis, Mo. : 
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partly owing to the use of an acid containing cresol, and partly from a 
confusion between the absolute and the hydrated acid. 

Phenol coagulates albumin, is a powerful antiseptic, acts as a caustic 
on the skin, and is powerfully poisonous. Its local action is much in- 
fluenced by the solvent; it is stated that the solution in pure glycerol 
or absolute alcohol is scarcely caustic. Strong phenol dissolves gelatin 
completely, but coagulates it when added to its aqueous solution. 
Indigo-blue (indigotin) is soluble in hot phenol and may be obtained 
in crystals on cooling the liquid. 

By the action of fused sodium hydroxide on phenol, phloroglucinol, 
catechol, and resorcinol are formed, together with other products. 

Phenol is converted by the action of chlorine and bromine into 
chloro- and bromo-derivatives (page 298). Nitric acid acts on it with 
formation of nitrophenols. Concentrated sulphuric acid converts 
phenol into phenolsulphonic acids. Hydrogen dioxide converts 
phenol into catechol, hydroquinone, and quinone. 

Moist phenol turns red; the colour has been ascribed to various 
impurities—e. g., thiophen. Kohn and Fryer (J. Soc. Chem. Ind., 
1893, 107) have carefully investigated the subject and state that the 
change is due to the oxidation of the phenol itself, dependent, in part 
at least, on the absoption of water. A well-known German house 
advertises a pure phenol, ‘‘guaranteed not to redden under the usual 
precautions of keeping,” but the precautions are not stated. 

According to J. Walter (Chem. Zeit. Rep., 1899, 47), ferrous salts 
increase the liability of phenol to turn red, the iron in ordinary bottles 
being sufficient to cause contamination. Walter states that a sample 
of phenol that began to redden in ro days in a bottle made of glass 
containing iron remained colourless for several months in a bottle of 
the same kind of glass that had been coated on the inside with paraffin. 


PHENOXIDES. 


Although its aqueous solution does not redden litmus, phenol is 
much more soluble in weak alkaline solutions than in pure water. 
With equivalent amounts of the strong bases it forms compounds 
which are difficult to obtain in a definite form. The potassium and 
sodium compounds are readily soluble in water, and the solutions are 
not decomposed on dilution. Potassium phenoxide, CsH;OK, obtained 
by heating phenol with potassium or potassium hydroxide, crystallises 
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in slender white needles soluble in ether. De Forcrand (Abst. 
J. Soc. Chem. Ind., 1893, 618) proposes to distinguish 2 series of de- 
rivatives, namely, “‘true phenates,’’ corresponding to the general 
formula CsH,HO,MHO, and phenoxides, CsH,MO, the substances of 
the latter class being capable of assimilating water so as to become 
metameric with the phenates. 
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On heating potassium phenate with alkyl iodides, ethers are 
produced. Methyl phenate, or anisole, CsH,OCH,, is a mobile liquid 
of pleasant, aromatic odour, having a density of o.g91 and distilling 
unchanged at 152°. It dissolves in strong sulphuric acid to form 
anisolsulphonic acid, and with bromine yields substitution prod- 
ucts. Ethyoxy benzene phenetole, and amyl phenate resemble the 
methylic ether. 
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Besides the foregoing bodies, which are of the type of the mixed 
ethers, many phenol esters are known, but have little practical im- 
portance. The production of phenol orthoxalate has been observed to 
occur in the manufacture of aurin; phenyl salicylate constitutes the 
antiseptic known commercially as ‘‘salol.”’ 

The solubility of salol in a number of solvents has been determined 
by A. Seidell (J. Amer. Chem. Soc., 1907, 29, 1088-91) as well as the 
solubility of several other compounds used as headache remedies. 


Solubility % by weight 
Solvent ye sg 
\ Acet- Phen- Caffeine Salol 
anilide acetin 

AW di COL ieesetete-s:o)ed ches Sible sue 25° 0.56 O.I1 2.14 Insoluble 
Telquiat=) gos aie Sea re een eee 25° 7.7 r.56 0.27 Insoluble 
Chloroform sss athe woves « 2 @ f 16.6 4.76 II.0 Insoluble 
Benseass 7-2) hc 2..| Soare | Farge | “ocees'| Cacaa 88.39 
sone eehyde POE Koso: sheave 30°-3 x2 18.83 8.44 Ir.62 ? 

myl acetate........... 30°—31° 10.46 2.42 0.72 85.29 
CATHIE Sette ore craisioiniovoan a 30°35" 19.38 9.46 22.89 Very soluble 
Amy! alcohol (s..u- 2. + sts 25° | 14.00 Buse ©.49 20.44 
Acetic acid (99.5%)..... 21.5 32.21 13.65 2.44 63.24 
DSVIEHEL, Hee uhoha a sina ties 32), 5 T.05 Tes Dep 87.14 
MOL ie nS char ccsite she teeyauedanecits 25° ©.50 0.30 0.57 83.62 
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Béhal and Choay (Comp. rend., 118, (1894), 1211) have prepared 
the benzoates of various phenols, and recommend the method for 
their differentiation. With the exception of the orthocresyl compound, 
the benzoates are all crystalline solids, insoluble in water, but 
very soluble in most organic solvents. They are prepared by 
the action of benzoic chloride on a solution of the phenol dis- 
solved in excess of sodium hydroxide. The table on next page 
shows the m. p. and b. p. of the phenols and their benzoates, as re- 
corded by Béhal and Choay, whose figures in some cases differ con- 
siderably from those of previous observers. 


Phenol Benzoate 
Formula Compound 
M. p. ° Beeps Me poo SBS pas 
(OAR OSES S Ao Hl Medals lol ie ne ey Teens Ceara 42.5-43 178.5 69 298-299 
@rthocresoly ce se 30 178.5 liquid 307 
CeHsMeOH Metacresol...:........ 4 200 54 313-314 
Paracresolor ee sre sec 30.5 199 42.5 | 325 .5—-316 
Orthoxylenol (1: 2 : 3) | 73 212-213 58 326-327 
CeHsMex0H Orthoxylenol (1 : 2: 4)| 65 222 58.5 333 
Metaxylenol (1 : 3:4) | 25 208--209 38.5 321 
Paraexylenol <2. ee a 75 208-209 | 61 318-319 
Ortho-ethylphenol..... liquid 202-203 38 314-315 
CsHsEtOH Meta-ethylphenol...... —4 214 52 322-325 
Para-ethylphenol ...... 45-46 218 .5—-219 59-60 328 


I: 3: 5-metaxylyl benzoate melted at 24° and boiled at 326°. 1:2: 
3-metaxylenol could not be obtained. Parethylphenol is identical 
with the substance sometimes called a-ethylphenol. 

Qualitative Tests for Phenol.—The following reactions are in 
most cases common to phenol and the cresols. They do not require 
that the substance should be in a concentrated state, but are applicable 
to the aqueous solution. Many of them have been verified by 
Allen. Various other reactions are described in the sections on 
““Cresylic Acid” and ‘‘ Creosote.” 

a. When a drop of a dilute aqueous solution of phenol is added 
to a few drops of a solution of 1 grm. of molybdic anhydride in 10 c.c. 
of concentrated sulphuric acid, contained in a porcelain crucible, a 
yellowish-brown spot is produced, which rapidly changes to purple, 
the latter tint being tolerably permanent. Warming the mixture to 
about 50° greatly assists the reaction, but a higher temperature must be 
avoided. As this test depends on the deoxidation of the molybdic 
anhydride, many substances interfere with it. 
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b. Ferric chloride (avoiding excess) gives a fine violet colour, by 
which 1 part of phenol in 3,000 of water can be detected. Many allied 
bodies give a similar reaction (see page 336. The presence of com- 
mon salt, nitre, or boric acid is unobjectionable, but the reaction is 
hindered by most mineral and organic acids, acetates, borax, sodium 
phosphate, glycerol, alcohol, amyl alcohol, and ether. 

c. If an aqueous solution of phenol be gently warmed with ammonia 
and a solution of sodium hypochlorite (avoiding excess), a deep-blue 
colour is obtained, which is permanent, but turns to red on addition 
of acids. Solutions containing 1 part of phenol in 5,000 of water react 
well when 20 c.c. are employed. Much smaller quantities give the 
reaction after a time. 

A modified, and in some respects preferable, method of performing 
the test is to add to 50 c.c. of the aqueous liquid to be tested 5 c.c. of a 
mixture of 1 measure of ammonium hydroxide of 0.880 sp. gr. with 9 
measures of water, and then drop in fresh and dilute bromine-water 
very slowly, avoiding excess. The presence of phenol will be indicated 
by the production of a fine blue tint, which is very permanent. AA still 
better plan is to expose the ammoniacal liquid to the vapour of bromine, 
avoiding excess of the latter. 

d. According to E. Jacquemin, if to a neutral solution of phenol 
a minute quantity of aniline be first added, and then a solution of 
sodium hypochlorite be dropped in, the reagent produces yellow 
strie, which change to a greenish blue. The reaction is said to be 
very delicate. 

e. If 20 c.c. of a dilute phenol solution be boiled with 5 or 10 drops 
of Millon’s reagent (prepared by dissolving mercury in an equal 
weight of fuming nitric acid, boiling, and diluting the solution with 2 
measures of water), and nitric acid added drop by drop to the hot 
solution, until the precipitate is redissolved, the mixture assumes a fine 
blood-red colour, which is permanent for several days. The reaction 
is exceedingly delicate, but is not peculiar to phenol. 

E. Ackermann (Rev. Chim. Ind., 1895, p. 322) obtained the following 
results when o.or grm. of the phenolic substance was acted on by 
about 20 drops of Millon’s reagent: Beechwood creosote gave a red- 
dish-brown colouration in the cold, the colour remaining unaltered 
after 15 minutes’ standing. On heating, the colour changed to 
brownish-black. Creosol and guaiacol both gave a red colouration 
in the cold, changing to reddish-brown after 15 minutes. On heating, 
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the colour became brownish-black. Resorcinol gave an orange 
colouration in the cold, unchanged after 15 minutes, but changed to 
deep-red on heating. a-Naphthol gave an immediate red colouration 
in the cold, and f-naphthol gave a brown colouration on heating. 
Proteids, some morphine compounds, and various other substances 
also give with this reagent colourations which are often very similar to 
those given by phenoloids. 

E. Hoffmann modifies this test by pouring 2 or 3 c.c. of the liquid 
supposed to contain phenol onto the surface of an equal measure of 
strong sulphuric acid, so as not to cause the liquids to become mixed. 
A few granules of potassium nitrite are then dropped in, when each 
particle will produce violet streaks if even a very minute quantity of 
carbolic acid be present. 

Liebermann has observed that strong sulphuric acid to which a 6% 
solution of potassium nitrite has been added gives a brown colouration, 
changing to green and blue when gently warmed with phenol or its 
allies. 
jf. The phenols give characteristic colour-reactions with chloroform 
and alkali. The phenol is dissolved in chloroform, a small piece of 
potassium hydroxide added, and the solution boiled. The charac- 
teristic colouration is quickly developed. Reducing and oxidising 
agents affect the reaction, alcohol sometimes accelerates and sometimes 
hinders it, ether nearly always impedes it. In aqueous solutions the 
reaction is less sharp; in this case it is best to shake up with chloroform 
and proceed with the decanted chloroform as usual, or to extract with 
ether, boil the ether off, and dissolve the residue in chloroform. 
When testing for phenols in complex liquids, such as blood or the con- 
tents of a stomach, it is best to acidulate and distil in a current of steam. 
The distillate may then be examined as above. 

The results of the test with some members of the phenol group 
are given below. The following additional data relate to the be- 
haviour of substances not likely to be found in food or beverages 
when subjected to the foregoing test (Abst. J. Soc. Chem. Ind., 1890, 
974): 

Metacresol.—As with orthocresol, but a more marked orange 
shade. 

Thymol.—Fine red colouration verging on purple, with a violet 
tinge, which is accentuated by the addition of a little alcohol or ether, 
and soon disappears. Limit of sensitiveness, 1 : 20,000. 
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Guaiacol.—Cherry-red colouration with a blue tinge, changing to 
violet-blue. . Limit of sensitiveness, I : 100,000. 

Resorcinol.—On warming gently, a cherry-red deposit on the 
potash and a brownish-yellow colouration of the chloroform; the 
chloroform ultimately takes up the colour, which is fairly stable. 
Limit of sensitiveness, 1 : 500,000. 

Quinol.—Bluish-green colouration, soon disappearing. Limit of 
sensitiveness, I : 20,000. 

Pyrogallol.—A reddish-brown colouration in the cold, which on 
warming takes on a green tinge, and on boiling soon disappears. 
Limit of sensitiveness, 1 : 300,000. 

Betol.—Bluish-green colouration like $-naphthol. In this last 
case it is best to boil with a little potassium hydroxide, before adding 
the chloroform in order to saponify the ester. The colours then 
obtained are very characteristic. 

g. Reaction of Phenol with Bromine.—When bromine water is 
added in moderate excess to an aqueous solution of phenol, a snow- 
white crystalline precipitate is formed, which readily collects into 
flocks on agitation, and appears under the microscope in the form 
of fine stellated needles. In presence of much cresol or of certain 
other phenols the precipitate loses its crystalline character, and 
may even assume the form of yellow or reddish oily globules. In ex- 
tremely dilute solutions the precipitate is only produced slowly; but 
in 24 hours a solution containing 1/60000 of phenol gives the reaction. 

The reaction with bromine is by no means conclusive evidence of the 
presence of phenol, a similar reaction being produced by homologues 
of phenol (e. g., cresol, thymol), besides other phenolic substances 
(e. g., guaiacol, orcinol, pyrogallol, phloroglucol), salicylic acid, ani- 
line, and various alkaloids. 

On gradually adding bromine to a moderately concentrated solution 
of pure phenol, in a proportion not exceeding that necessary for the 
reaction CeH;OH+ Br, =C.sH,BrOH+ HBr, a white turbidity is pro- 
duced owing to the formation of the sparingly soluble monobromophenol 
(14:1,000). Ifthe solution be dilute, no actual precipitation occurs at this 
stage. Onadding more bromine-water, a formation of dibromophenol, 
C.oH,Br,.0H, takes place, but often no further precipitation occurs 
until the bromine added exceeds the proportion—C,.H,OH:Br,. On 
further addition of bromine a very bulky precipitate is produced, and 
when the proportion of phenol is to that of the bromine as Cs5H,OH to 
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Br¢, the whole is separated as the almost insoluble (1: 14,300) and 
characteristic tribromophenol, C6H,Br,OH. By the action of excess 
of bromine the hydrogen of the hydroxyl is replaced, in addition to 3 
atoms of the phenylic hydrogen, the reaction being CsH,;OH+Brg= 
CeH,Br,OBr+4HBr. This body, tribromophenol bromide, 
crystallises in scales, is gradually decomposed by water, and reacts 
with potassium iodide in acid solution according to the equation: 


CeH.Br;OBr + 2KI + 2HCl = Ce6H,Br,OH + 2KCl + 2HBr + I). 


Neither the free iodine nor an excess of potassium iodide has an 
effect on the tribromophenol. Hence, if it be desired to determine 
the amount of phenol in an aqueous liquid, it may be effected by add- 
ing bromine water in excess, followed by potassium iodide, and then 
titrating back with a standard solution of sodium thiosulphate in the 
usual manner. By operating in this way, it is a matter of indifference 
whether Ce-H,Br,OH or Cs.H,Br,OBr be first formed, as by the sub- . 
sequent treatment with potassium iodide the latter substance is con- 
verted into the former. 

Tribromophenol. C,H,Br,OH. This substance has a very pe- 
culiar and persistent odour, melts at 92°, and readily volatilises. It is 
almost insoluble in water and dilute acid liquids, but is readily 
soluble in ether, chloroform, carbon disulphide, etc. It dissolves in 
absolute alcohol, but is precipitated from the solution by a very small 
quantity of water. 

Tribromophenol has marked acid properties. It dissolves in the 
fixed alkalies and in ammonia, and the latter solution yields on evapo- 
ration sparingly soluble crystalline needles of ammonium tribromo- 
' phenoxide, NH,OC.H,Br,, and from this other tribromophenates may 
be obtained by double decomposition. The metallic solutions must 
be perfectly neutral, or a flocculent precipitate of tribromophenol will 
be obtained. The silver salt forms an orange-yellow flocculent pre- 
cipitate, the cupric salt is reddish-brown and flocculent, and the lead 
salt white. The nickel salt is insoluble and dark red, but no precipi- 
tate is obtained with solutions of cobalt. 

Allen investigated the reactions of the tribromophenoxides with a 
view of finding a means of estimating phenol and cresol in mix- 
tures of the 2, but met with only very partial success, partly owing 
to the difficulty of preparing a soluble salt of tribromocresol. The 
following differences were observed in the reactions with neutral 
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solutions of metallic salts of ammonium tribromophenate and sodium 
tribromocresolate from coal-tar cresol: 


With solution of 


Phenol-derivative 


Cresol-derivative 


Silver mMitrate aque cae ss oo: 
Nickel sulphate. 5... 2% 


Cobalt nitrates: . em: 
Calcium chloride: ...... 2: 
Barium chloride......... 


Orange-yellow, flocculent . 


Dark red, dissolved on 
boiling. 

No precipitates: 5 rime 

IN(O| PIECIpitatesn dee eee 

White, crystalline, readily 
soluble in hot alcohol. 


Cream coloured, flocculent. 

Dark red, not dissolved on 
boiling. 

Light brown, flocculent. 

White, flocculent. 

White, flocculent not 
readily dissolved by hot 


alcohol. 


No! precipitate... -. White, flocculent. 


Magnesium sulphate..... 


Estimation of Phenol.—The formation of tribromophenol as a 
means of determining phenol was first suggested by Landolt, who operated 
gravimetrically. The method-was greatly improved by Koppeschaar, 
who devised a volumetric process. This method has been modified 
by various chemists with more or less advantage. With this process it 
often happens that the liquid, after being decolourized by thiosulphate, 
acquires a blue colour on standing. This is said to be caused by bro- 
mine (or iodine?) being retained by the oily tribromophenol, and only 
slowly dissolving in the supernatant fluid. To overcome the difficulty, 
F, X. Moerck recommends adding a little chloroform toward the end 
of the reaction. ‘This dissolves the precipitated tribromophenol and 
the final point of the titration can be more readily observed. 

A very simple means of estimating carbolic acid in soap by direct 
titration with bromine water is given in Vol. 2, page 426, but the 
process there described is not adapted to yield results of more than 
approximate accuracy. Very good results are obtainable by the wet 
bromine process of estimating olefines. In some cases it is prefer- 
able to substitute for the bromine water a standard solution of 
sodium bromate of known strength. A known quantity of the 
sample to be examined (containing from o.2 to 0.5 of phenol) 
is introduced into a stoppered flask, together with a solution of potas- 
sium bromide and some dilute hydrochloric acid, and the liquid then 
diluted to about 100 c.c. with water. A known volume of the stand- 
ard solution of sodium bromate is then run in, sufficient being used 
to ensure a permanent reddish colouration due to excess of bromine. 
The solution should contain 15.1 grm. of sodium bromate per litre. 
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The flask is then closely stoppered, well shaken, and allowed to stand 
at rest for half an hour to ensure the completion of the reaction. By 
the reaction 5KBr+NaBrO,+6HCl=s5KCl+NaCl+3Br,+3H,O, 
bromine is set free and acts on the phenol. A solution of potassium 
iodide is then added in excess, and the liquid titrated back with a 
decinormal solution of sodium thiosulphate (24.8 grm. of the crystal- 
lised Na,S,O, per litre), each 1 c.c. of which represents 0.008 grm. 
of bromine in excess of that which has reacted with the phenol, 0.094 
grm. of which causes the disappearance of o. 480 grm. of free bromine, 
or as much as will be liberated by 10 c.c. of the sodium bromate solu- 
tion. Instead of preparing a standard solution of sodium bromate, 
it is preferable to compare the sample to be tested with one of pure 
phenol. 

Titration in carbon disulphide solution is not applicable to the esti- 
mation of phenol, the proportion of bromine required being much 
less than corresponds to the formation of tribromophenol, apparently 
owing to the formation of an additive compound. ‘Titration by bro- 
mine in aqueous solution may be applied to a number of phenoloid 
bodies with more or less success, but an extensive series of experiments 
made in Allen’s laboratory by J.C. Belcher gave very disappoint- 
ing results in many cases, apparently owing to the occurrence of 
secondary reactions forming quinones, etc. 

h. An iodometric method of estimating phenol has been devised 
by Messinger and Nortmann (Ber., 1891, 2753; Abst. J. Soc. Chem. 
Ind., 1890, 1070). 3 grm.of the sample are dissolved in a little more 
than 4 grm. of sodium hydroxide (Cs5H;,HO+3NaHO), the solution 
made up to 500 c.c. 10 ¢.c. of this solution are now warmed to 60° 
in a small flask, and decinormal iodine run in until the liquid has at- 
tained a deep-yellow colour. The mixture is cooled, acidified with 
dilute sulphuric acid, made up to 500 c.c., and an aliquot part (e. g., 
100 ¢.c.) titrated with decinormal sodium thiosulphate. The amount 
of iodine used, calculated to the whole amount of the sample taken 
and multiplied by 0.1235, gives the phenol present. 

Method of Estimation of Phenol, given in United States Phar- 
macopeeia (eighth revision, 1900). 

Dissolve 1.556 gm. of the phenol to be valued in a sufficient quantity 
of water to make 1,000 c.c. Transfer 25 c.c. of this solution (containing 
0.0389 gm. of phenol) to a glass-stoppered bottle having a capacity 
of about 200 c.c., add 30 c.c. of N/10 bromine V. S., then 5 c.c. 
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of hydrochloric acid, and immediately insert the stopper. Shake 
the bottle repeatedly during half an hour then remove the stopper just 
sufficiently to introduce quickly 5 c.c. of an aqueous solution of potas- 
sium iodide (x in 5), being careful that no bromine vapour escapes, and 
immediately stopper the bottle. Shake the latter thoroughly, remove 
the stopper and rinse it and the neck of the bottle, and then add 1 c.c. 
of chloroform and shake well. Add, from a burette, N/1o sodium 
thiosulphate V. S. until the the iodine tint is exactly discharged, 
and does not reappear after thorough agitation. Note the number 
of c.c. of N/ro sodium thiosulphate V. S. consumed (which should 
not exceed 6 c.c.). The percentage of absolute phenol is found 
by subtracting the number of c.c. of N/1o0 sodium thiosulphate V. S. 
used, from 30 (the number of c.c. of bromine V. S. originally added), 
and multiply the remainder by 4. 

A method for estimation of phenols, devised by S. B. Schryver 
(J. Soc. Chem. Ind., 1899, 553), is based on the fact that sodamide, 
NaNH,, reacts with hydroxides according to the following equation: 


NaNH, + C6H,OH = NH; + CsH;ONa. 


For each molecule of hydroxyl decomposed 1 molecule of amine 
is liberated. The process consists in bringing an excess of sodamide 
into a solution of the phenol, using a solvent upon which the reagent 
has no action. Benzene free from thiophene has been usually em- 
ployed. — 

About 1 grm. of sodamide is finely ground, washed 2 or 3 times by 
decantation with pure benzene, and introduced into a 200 c.c. flask, 
connected with an inverted condenser. About 60 c.c. of benzene are 
added, and the mixture is then boiled on a water-bath, while a current 
of air free from moisture and carbon dioxide is drawn continuously 
through the separating funnel, the lower end of which dips below the 
liquid. The boiling and aspirating are continued for 10 minutes, to 
draw off the last traces of ammonia which adhere to the amide. 20 .c. 
of normal sulphuric acid are introduced into the absorption bottle. 
The weighed portion of the sample, dissolved in about 6 times its | 
weight of benzene, is placed in the bulb of the separator funnel and the 
solution allowed to drop slowly into the mixture of sodamide and 
benzene, which is kept boiling continuously and connected with an 
aspirator. As soon as all the solution has been added, the funnel 
is washed with a little benzene, and air drawn through the appara- 
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tus until no ammonia remains unabsorbed. 1.5 hours are generally 
necessary for this, as ammonia is held rather obstinately by benzene. 
At the end of the operation the excess of acid is determined by titration 
(methyl-orange was generally used as an indicator). 

To obtain accurate results the materials used and the apparatus 
must be free from moisture. Sufficient benzene must be used to hold 
the sodium compound in solution, and it must be free from sulphur 
compounds. A liberal aspiration of air should be employed. No 
particular advantage results from substitution of toluene or xylene for 
benzene. The number of c.c. of normal sulphuric acid required to 
neutralise the ammonia produced by 1 grm. of the phenol is designated 
by the author of the process as the ‘‘hydroxyl value.” 

Schryver found fused sodium acetate to be the most suitable drying 
agent for phenol. The process is applicable in the presence of many 
hydrocarbons which would act on bromine or iodine, but do not act on 
sodamide. It may also be employed for determining the proportion 
of water in phenols, and for estimation of phenols in certain es- 
sential oils. 

Riegler (Chem. Centr., 1899, 322) has described a method of esti- 
mating phenol based on its reaction with paradiazonitraniline to form 
a soluble red diazo-compound of the formula CsH,NO,N,C6H,ONa. 
On strongly acidifying the solution with dilute sulphuric acid the 
corresponding diazo-acid separates practically quantitatively, and 
may be weighed after drying at 100°. The process is also applicable to 
thymol, guaiacol, etc., but is not available in presence of ammoniacal 
salts and amines. 

A toxicological examination for phenol is not infrequently neces- 
sary, owing to the numerous instances in which poisoning has ensued 
from the accidental administration of the substance internally. In 
such cases the mouth and esophagus are commonly white, soft, and cor- 
roded, but are sometimes found hardened and shrivelled. 

The stomach is usually white, contracted, thickened, and shriv- 
elled, but is sometimes intensely congested, with destruction of the 
mucous membrane. Occasionally, no abnormal appearance is ob- 
servable. The intestines are usually thickened and congested. The 
bladder is generally nearly empty; any urine present will have a dark 
colour. 

In testing animal matters for phenol the odour is a most valuable 
indication. For the recognition of the poison the suspected matters 
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are cut up and well shaken with water acidified with sulphuric acid. 
The liquid is then distilled as long as bromine water renders the dis- 
tillate milky, and the tests for phenol applied to the distillate. The 
characters: of most service are: the odour; the reactions with ferric 
chloride, sodium hypochlorite, and bromine; and the property of 
coagulating albumin. 

The distillate obtained as above is concentrated by shaking with 
ether, separating the ethereal layer, and examining the residue of 
its evaporation; when the amount of phenol is very small, the ether 
should be shaken with a little dilute sodium hydroxide, the alkaline 
liquid concentrated, and exactly neutralized by dilute sulphuric acid 
before applying the foregoing tests. 

In cases of suspected poisoning it must be remembered that phenols 
exist normally in minute quantity in urine, and are formed in small 
quantity during putrefaction. 


COMMERCIAL CARBOLIC ACID. 


The better varieties of commercial phenol are well represented by 
the articles manufactured by F. C. Calvert & Company. Their 
“No. 1 Carbolic Acid,” in the form of colourless crystals, may be 
regarded as chemically pure and absolute, and free from homologous 
phenols, the proportion of which gradually increases in the lower 
grades till the dark liquid known as “‘No. 5 Carbolic Acid” consists 
chiefly of cresylic acid, with smaller proportions of higher homologues. 
A preparation known as ‘‘ Carbolic Acid No. 4,” containing about 95% 
of phenols, is much used as a general disinfectant. 

In addition to containing water and homologous phenols, the lower 
grades of commercial phenol are often largely adulterated with neutral 
tar oils (‘naphthalene oils’”’) which are of little value as antiseptics. 

According to Allen the various modifications of the bromine 
process of estimating phenols are ill suited for the examination of com- 
mercial carbolic acid and its preparations, owing to the fact that 
ortho- and para-cresol form only dibromo-derivatives. This fact, 
together with the difference in the molecular weights of phenol and its 
homologues, renders the results of little quantitative value, unless 
carbolic acid of the same quality as the sample be used as a standard of 
comparison. Although, as stated above, the term ‘“‘carbolic acid”’ 
has been extended commercially so as to include products consisting 
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substantially of cresylic acid or still higher homologues of phenol, it is 
straining its legitimate signification to apply it to products in which real 
carbolic acid is conspicuous by its absence. The inexact description 
becomes still more objectionable when the article is purposely mixed 
with neutral tar oils, or other hydrocarbons of little direct value as an- 
tiseptics. This has been practised to an enormous extent, ‘‘carbolic 
acid” and ‘‘carbolic powders” sold to corporations and other sanitary 
authorities affording a fertile field for the operations of the blender. 

For the approximate estimation of far oils in crude carbolic acid the 
following method has been used: Introduce to c.c. of the sample into 
a graduated tube, and add gradually, noting the effect produced, 4 
times its volume of a 10% solution of sodium hydroxide free from 
alumina. Then close the tube and agitate well. The coal-tar acids 
will be completely dissolved by the alkaline liquid; while, on standing, 
the neutral oils will form a separate stratum above or below the other, 
according as the admixture consisted of the light or heavy ‘“‘oil of tar.” 
The volume occupied by the oily stratum at once indicates the extent 
of the adulteration. After noticing whether the tar oils are light or 
heavy, a volume of petroleum spirit or benzene equal to that of the 
sample taken may be advantageously added. Its employment facili- 
tates the separation of the oily stratum and renders the reading of its 
volume more easy and accurate. Of course, the volume of petroleum 
spirit or benzene used must be deducted from that of the total oily 
layer. The most accurate method, however, is, one in which the 
oil is distilled to avoid the separation of tarry matters (see page 307). 

If the liquid be subsequently acidified with dilute sulphuric acid 
and shaken, the layer that separates will contain the phenol, and its 
measure deducted from that of the original sample (after allowing for 
the volume of the hydrocarbon added) will give the amount of water 
in the sample. 

When a more accurate estimation of the neutral oils is required, 
and there is sufficient of the sample at disposal, the modified process 
described in the section on ‘‘Creosote Oils”? may be used with advan- 
tage. The sp. gr. of crude phenol at the ordinary temperature 
should be between 1.050 and 1.065. If less, it is suspicious. In 
presence of light tar oil the sp. gr. is often as low as 1.045 or 1.040. 

The estimation of the water in crude phenol is best effected by 
distilling a known quantity of the sample with xylol or petroleum 
naphtha boiling between 149° and 232°, collecting the distillate 
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in a graduated tube, and noting the volume of the aqueous portion. 
The results are from 0.3 to 0.5% too low. The inferior grades 
of crude carbolic acid contain the smallest proportion of water. 
The following method of assaying crude phenol with a view to ascer- 
taining its quality and the approximate proportion of crystallisable 
phenol contained in it is due to the late Chas. Lowe, and is largely em- 
ployed by manufacturers: 1,000 grains or 100 c.c. of the sample are 
placed in a retort (without any special condensing arrangement), and 
distilled, the liquid which passes over being collected in graduated 
tubes. Water first distils and may be measured, and is followed by an 
oily fluid. When 10% by volume of the latter has been collected, the 
receiver is changed. The volume of water is then read off. If the 
oily liquid floats on the water, it contains light oil of tar. It should be 
heavier than water, in which case it may be regarded as hydrated acid 
containing about 50% of phenols. The next portion of the distillate 
consists of anhydrous phenols, and when it measures 62.5% the re- 
ceiver is again changed. The residue in the retort consists wholly of 
cresols and higher homologues. The 62.5% of anhydrous phenols 
contains variable proportions of carbolic and cresylic acids. These 
may be approximately determined by ascertaining the solidifying 
point, which should be between 60° and 75° F. (15.5° and 24°). Hav- 
ing ascertained this temperature, a mixture of pure carbolic and cre- 
sylic acids is made in such proportions as to have the same solidifying 
point. This must be adjusted by trial, or a series of standard speci- 
mens may be prepared. The exact point of solidification can be more 
sharply read if a minute fragment of crystallised carbolic acid be added 
to induce the commencement of the change of state; or the sample may 
be solidified, and the liquefying point noted. 

Many qualities of crude carbolic acid now contain a comparatively 
small proportion of light oils (5 to 6%), and hence a notable quantity 
of phenol is lost in the 10% first distilled. This raises the proportion 
of cresols in the 62.5% next collected, and hence a product is obtained 
having too low a solidifying-point. A preferable plan of assaying the 
second and third qualities would probably be to reject all that passes 
over below 185°; then distil to 190° or 195°, and take the volume and 
solidifying-point of this fraction. For No. 1 quality, with 62 1/2% of 
distillate crystallising above 70° F., only the portion passing over below 
180° to 182° should be rejected. About 12% of water may distil from 
this kind of acid, though the proportion ranges from 10 to 17%, and 
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also 10% of neutral oils may be present. By stipulating that a sample 
should contain a certain proportion of anhydrous phenols (exclusive 
of neutral oils as estimated by soda) distilling below a given tempera- 
ture and having a definite solidifying-point, a more accurate knowl- 
edge of the product would be obtained. The quality of the sample 
might be also simply expressed in units of anhydrous phenols solidify- 
ing at a certain fixed temperature. 

The mixtures of phenols from shale tar and blast-furnace creosote 
are liable to be sold for crude carbolic acid. They may be distinguished 
from the coal-tar product, as described on page 316. 

Crude Carbolic Acid.—These include such products as ‘‘100% 
dark,” “100% straw,” “90% straw’ and fraction acids; the latter are 
carbolic oils containing various amounts of tar acids. None of these 
products are supposed to be essentially true carbolic acid or phenol, 
and some are largely cresylic acids. 

The acids are judged by their colour and odour. Pyridine frequently 
occurring with the carbolic fraction is found in the crude acids. 

Soda Test.—Qualitatively this test is applied to the 100% products 
by shaking the acid with several volumes of 10% sodium hydroxide. 
Practically nothing should separate or all should dissolve in the case 
of acids of straw colour; or, better, with dark colour roo% acids there 
may be some separation. 

The sp. gr. test at 15° is a means of determining the relative 
amount of phenol and cresols. Higher sp. gr. indicates phenol, low 
indicates cresol. Distillation of 100 c.c. shows the relative amounts 
of phenol and cresol. 

There is no published way of determining the absolute amount of 
crystal phenol in the crude acids, although some companies producing 
these products on a large scale have methods which they have worked 
out by using standard mixtures of phenol and cresols. 

Fraction Acids.—‘‘15%,” -“‘25%,” ““50%,” “95%,” etc. ‘They 
are sold with and without a guarantee that they will not deposit naph- 
thalene if held at o° for r hour. The first quality have the guarantee. 
Tar acids are estimated as follows: 25 c.c. are distilled in a small 
flask to dryness, diluted with benzol in stoppered cylinder to 25 or 
with second-quality oils to 50 c.c. (in this case the result found is 
multiplied by 2). 1oc.c. of distilled oil is taken in a tube graduated 
from zero to 20 c.c., and 10 c.c. of 10% sodium hydroxide added. 
As the soda gains in volume consider the gain from Io c.c. as 


308 PHENOLS. 


tar acids in the sample. If the division line between the 2 liquids 
stood at 13 c.c., it would mean that there was 20% of tar acids 
in the sample. 

An alternate method that gives different results consists in weighing 
some of the sample extracting with several amounts of diluted 
alkali (in some cases 5% and in others 10% sodium hydroxide) until no 
more can be extracted, decomposing the soda salts formed with mineral 
acid and extracting with ether until all is taken up. The residue in 
the flask after evaporating off the ether is the amount of tar acids. 
While this method is the more accurate the first method is usually 
depended on in the works, and the method of analysis should be selected 
with reference to the understanding upon which the acids are bought 
and sold. 

“No. 5 Acid’? Cresol.—This acid should be water-white, contain no 
water and only traces of neutral oil (when treated with sodium 
hydroxide solution. 

There are no requirements as to b. p., although a distillation record 
can be made as under Fraction acids (see page 307). 


LIGHT TAR OIL. 


Sp. gr. is taken at 15° in Westphal balance or other suitable manner. 
Water is sometimes found and is noted in the distillation. 

Distillation in Ordinary Distilling Flask.—The temperature at 
each ro c.c.is noted. Tar acids are then extracted, the shrinkage in 
volume being determined in a tube measuring 100 c.c. from the 
stop-cock at the bottom to a point near the top, in which a glass 
stop-cock is fitted. 


CARBOLIC ACID DISINFECTING POWDERS.: 


A variety of disinfecting powders are now made, which owe theire 
efficacy chiefly to the fact of their containing a greater or smaller % of phe- 
nols, Itis probably the case that these carbolic powders are not as much 
used as they were when the earlier editions of this work were published. 
Liquid preparations are much more used for animal disinfection and 
more definite synthetics are used for human medicinal purposes, but 
the methods of estimation of the active agents of these powders apply 


_ 1 The examination of liquid antiseptic preparations containing phenols and cresols 
is described on page 318 et seq. 
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to a sufficiently large number of preparations to retain the few para- 
graphs here devoted to this purpose. In some cases the base of the 
powder is slaked lime, but the so-called ‘‘carbolate of lime”? is of little 
value for antiseptic purposes. ‘‘ Macdougall’s Disinfecting Powder,” 
the oldest preparation of the kind, was made by adding a certain pro- 
portion of crude carbolic acid to a crude calcium sulphite, prepared by 
passing sulphurous acid gas over ignited limestone. Sulphurous acid 
is introduced into other powders by the direct addition of a solution of 
calcium hydrogen sulphite. ‘‘Calvert’s Carbolic Acid Powder’? is 
made by adding carbolic acid to the siliceous residue resulting from 
the manufacture of aluminum sulphate from shale or kaolin. Calcium 
sulphate is likewise a suitable absorbent, and kieselguhr has been used 
for the stronger powders. The use of peat as an absorbent of carbolic 
acid has been patented by West Knights and Gall, while Allen and 
Angus have proposed the use of blast-furnace slag. Limestone is also 
used. The use of spent gas-lime has been patented by Austin. A 
mixture of bleaching powder and phenol has also received protection. 
Macdougall Brothers have employed soluble salts as absorbents, the 
resultant powder being more readily removed and less liable to choke 
up drain-pipes than the preparations commonly employed. A step 
in the same direction is borophenol, prepared by absorbing carbolic 
acid by dried borax. 

Good carbolic acid powders contain at least from 12 to 18% of 
crude carbolic acid, but higher strengths are obtainable. As much 
as 50% is absorbed by kieselguhr. All carbolic powders are liable to 
lose 1 or 2% by valatilisation. Some powders in the market contain 
but 5 or 6% of total oils, of which less than half is really carbolic and 
cresylic acids, the remainder being neutral tar oils. 

For the estimation of the phenols and tar oils in disinfecting powders 
having a siliceous base, and in others containing the phenol in the free 
state, 50 grm. should be exhausted with ether in a Soxhlet-tube or 
similar arrangement. The ethereal solution is then agitated with 
about 20 c.c. of a 20% solution of sodium hydroxide, more or less than 
this quantity being employed according to the percentage of phenols 
supposed to be present in the powder (and about t.c.c. of the reagent 
being used for every 1% of phenols in the sample). The ethereal 
layer is separated, and the alkaline liquid again shaken with ether, 
which is separated as before, and added to the main quantity. The 
united ethereal solutions are shaken with some sodium hydroxide 
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solution, to dissolve out any phenols which may have escaped the 
previous treatment. The ether is then driven off by a gentle heat 
and the residual oils are weighed. The united alkaline liquid is boiled 
down in a flask to a small bulk (10 c.c.), and transferred to a burette 
or other suitably graduated tube, where it is treated with diluted sul- 
phuric acid (1:3) in quantity sufficient to render the liquid distinctly 
acid to litmus after agitation. When the liquid has stood for some 
time and is thoroughly cold, the layer of separated phenols is measured. 
Each c.c. weighs about 1.050 grm., so that an addition of 5% to the 
measure gives the correct weight. The results are fairly accurate, 
but generally below the truth, owing chiefly to the solubility of phenols. 
Hence the liberation of the phenol should be effected in a liquid as 
concentrated as possible. 

In cases in which the characters of the separated phenols suggest 
the presence of fatty acids, resin, or other foreign matter, the contents 
of the burette should be transferred back to the flask, diluted with 
water, and distilled. The phenols readily pass into the distillate, 
whereas any fatty or resin acids will remain in the retort. 

In the case of powders made with lime, or others in which the 
phenols exist in combination, the method of direct extraction with 
ether or other solvent does not give accurate results. For the determi- 
nation of the crude carbolic acid in such powders, the disinfectant 
value of which is very doubtful, the following method may be em- 
ployed: 50 grm. of the sample should be mixed in a large mortar with 
5 c.c. of water. Strong sulphuric acid, previously diluted with an 
equal bulk of water, is then added very gradually, a few drops only at a 
time. After each addition the whole is well mixed together with a 
pestle. The addition of the acid, which should extend over some 
hours to avoid sensible rise of temperature, is continued until a minute 
fragment of the well-mixed contents of the mortar shows an acid reac- 
tion when placed on a piece of litmus-paper and moistened with water. 
If the mixture be pasty, sufficient sand is added to cause it to granulate, 
and the mortar is then covered up and left for some hours. By this 
method the lime, sulphuric acid, and water form hydrated calcium 
sulphate and the phenols are liberated. The product is then exhausted 
with ether in a Soxhlet-tube or similar contrivance. 

Whether isolated by the extraction or the distillation process, the crude 
carbolic acid obtained should be further examined for neutral tar oils, 
which not infrequently constitute the greater part of the so-called “ car- 
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bolic acid” of disinfecting powders. For their detection, the test with 
dilute sodium hydroxide will usually be found sufficient. In other 
cases the crude carbolic acid should be treated with twice its 
measure of a 20% sodium hydroxide solution (1.2 sp. gr.), any undis- 
solved oils separated, and the alkaline solution shaken with ether to 
remove any neutral oils still remaining dissolved. The ethereal 
layer is separated, added to the neutral oils previously obtained, 
the ether driven off by a gentle heat, and the residual neutral oils or 
naphthalene measured or weighed. The alkaline solution of the 
phenols is boiled in a small flask to drive off the ether, and acidulated 
in a narrow, graduated tube or a burette with diluted sulphuric acid 
(1:3), and the layer of separated phenols is measured. 

The sulphurous acid contained in certain disinfecting powders may 
be estimated by stirring 1 grm. of the sample in a mortar with a small 
quantity of distilled water free from air, and decanting the liquid into 
a flask containing 50 c.c. of the ordinary N/r1o solution of iodine and 
about 250 c.c. of water. The residue in the mortar is repeatedly 
treated with fresh quantities of water, the resultant liquids being 
transferred to the flask, and finally the undissolved powder is rinsed in. 
Very dilute hydrochloric acid is next cautiously added to the contents 
of the flask, until the reaction is distinctly acid, when the excess of 
iodine is estimated by titration with N/10 thiosulphate in the usual 
way. Eachc.c. of N/10 iodine reduced represents 0.0032 grm. of SO,. 


CRESOLS. CRESYLIC ACIDS. 
Methylhydroxybenzenes. C,H;0=C,H,(CH,) (HO). 


Cresol being formed by the substitution of 2 of the hydrogen atoms 
in benzene, by methyl and hydroxyl, respectively, 3 isomeric forms are 
possible, all of which occur in the crude cresylic acid from coal-tar. 
Any modification of cresol can be obtained pure by dissolving 
the corresponding form of toluidine and an equal weight of sul- 
phuric acid in about 30 parts of hot water. An aqueous solution of 
potassium nitrite is next added in quantity sufficient for the reaction: 


C,H,.NH, + KNO, +H,SO, =C,H,.OH+ KHSO,+ HO +N,. 


The liquid is then saturated with common salt or sodium sulphate, 
allowed to cool, and the layer of cresol separated and purified by dis- 
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tillation. The following table shows some distinctions between the 
cresols, according to various observers: 


Orthocresol Metacresol Paracresol 
Vee D penta cenaie ep sdialere acta Borst 3 tia: 43/354 36; 36-37 
JESSE Gin Reso ee See 188; 190.8 201; 202.8 201.8; 198-199 
SP erie viOr teers sis-ctan wees 1.0578 1.0498 I.0522 
Coefficient of expansion... 0.00072 0.00078 0.00086 
Solubility in water........ I in 4o I in 200 tin 55 
Highest bromo-derivative. Bro; m. p. 52° Br3; m. p. 82° Bre; m. p. 49° 
Highest nitro-derivative » . Cae p. NOs)3 Sk i m. p. 

Ge 2.5 


The m. p. and b. p. recorded by different observers are not in very 
perfect concordance. The sp. gr. and coefficients of expansion are 
figures by Pinette (Annalen, 243, 3), and apparently refer to the liquid 
cresols, which exhibit, in a marked manner, the phenomenon of super- 
fusion. The ‘‘highest bromo-derivative’” means the most highly 
brominated substitution compound which does not react with potas- 
sium iodide. Thus, in the case of phenol it would be CsH,Br,.OH, 
not Co6H,Br,.OBr. 

Metacresol forms a tribromo- and trinitro-derivative, whereas the 
ortho- and para-forms give only disubstitution products. Ac- 
cording to Ditz and Cedivoda (Zeit. angew. Chem., 1899, 873, 897), 
ortho- and paracresol form tribromo-derivatives, but these are con- 
verted into the corresponding dibromocresols by potassium iodide. 
Metacresol forms C,H,Br,OBr, which is converted into C,H,Br,OH 
by potassium iodide. 

When fused with potassium hydroxide, the cresols are converted 
into the corresponding forms of hydroxybenzoic acid (see under 
Salicylic Acid). 

The United States Pharmacopeeia describes cresol and gives tests as 
follows: 

A colourless or straw-coloured refractive liquid, having a phenol-like 
odour, and turning yellowish-brown on prolonged exposure to light. 

Sp. gr 1.032 at 25°.(77°F:). 

Cresol is soluble in 60 parts of water at 25° (77° F.); miscible in all 
proportions with petroleum benzin, alcohol, benzene, ether, and 
glycerin; miscible with alkali hydroxide solutions. 

It boils at from 195° to 205° (383° to gor° F.). 

If 1 c.c. of cresol be mixed with 1 c.c. of an aqueous solution of 
sodium hydroxide (1 in 10), it should dissolve with no appreciable 
liquid residue (absence of, or limit of, hydrocarbons). 
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If z c.c. of cresol be mixed with 1 c.c. of glycerin, a clear solution 
should be produced, from which, on the addition of 1 c.c. of water, the 
cresol should completely separate (absence of, and distinction from, 
phenol). 

Orthocresol was formerly supposed to form a hydrate of the com- 
position C,Hg0+H,0, which is liquid at ordinary temperatures, has 
a sp. gr. of 1.06, and is soluble in ether and alcohol in all propor- 
tions. According to H. Nordlinger, 100 parts of cold water dissolve 
3 parts of orthocresol; but Gruber gives the solubility as 2.5% by 
volume: the figure for metacresol being 0.53; for paracresol, 1.8 for 
mixed coal-tar cresols, 2.55; for mixed cresols from toluidine, 2.2; 
and for phenol, 6.0%. The last figure is certainly too low. 

Nordlinger states that orthocresol is less poisonous and corrosive 
than its isomers, and can be produced with ease in large quantities 
and at a lower price than the other forms. A 1% aqueous solution of 
orthocresol is not decomposed or rendered turbid by acids or neutral 
salts, does not affect the skin or render the hands slippery or numb, 
and has no action on metals. Solutions containing 0.25 to 1% are 
stated to have an antiseptic power equal to solutions of phenol con- 
taining from 2 to 5% of phenol. 

According to Nordlinger, the 3 modifications of cresol may be dis- 
tinguished by their behaviour with ammonia. When a few drops of 
orthocresol are shaken with a few c.c. of ammonia solution the mixture 
becomes bluish on standing—like a dilute solution of cupric sul- 
phate—but after a few days it acquires a deep indigo-blue colour and 
becomes opaque. Paracresol, when treated similarly, gives a trans- 
parent pale yellow liquid. Metacresol also gives a transparent liquid, 
which at first has a faint steel-blue colour, afterward becoming bluish, 
but the tint is distinguishable from the deep indigo-blue yielded by 
orthocresol. 

F. Raschig (Zeits. angew. Chem., 1900, 31, 795) has found a means 
of separating metacresol from para- and orthocresols. 

The method is based upon the fact that upon nitration 1 grm. of 
metacresol yields almost exactly 1.74 grm. of trinitrocresol, whereas 
ortho- and paracresol are destroyed. 10 grm. of the cresol are weighed 
into a small Erlenmeyer flask, and 15 c.c. of sulphuric acid (66° B.) 
are added. The flask is heated for an hour in a steam oven. The 
contents are then poured into a flask of about a litre capacity, and 
cooled under the tap. go c.c. of nitric acid (40° B.) are poured into 
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the small flask, shaken around, and then rapidly transferred to the 
large flask. The latter is then shaken round vigorously for about 
20 seconds until solution is complete. After about a minute an ener- 
getic action commences, which lasts 5 minutes. After standing a 
further 5 minutes, the flask is emptied into a basin containing 40 c.c. 
of water, and is rinsed out with another 40 c.c. The trinitro-m- 
cresol, which separates out, is filtered off, dried at 95°-100°, and 
weighed. The results obtained are not affected by the presence of 
even large proportions of xylene or ortho- and paracresol. 

10% of phenol also does not effect the result, but if a larger propor- 
tion be present, some picric acid separates with the trinitrocresol. 

Estimation of metacresol in mixtures of cresols according to H. 
Ditz (Zeits. angew. Chem., 1900, 42) 1050): 

About 1 grm. of the anhydrous cresol mixture is weighed out, dis- 
solved in water with the aid of some sodium hydroxide, and the solu- 
tion diluted to 250c.c. 2 portions of 25 c.c. each are transferred to well 
stoppered flasks, and decomposed with a sufficient quantity of Koppe- 
schaar’s bromide-bromate solution, and to c.c. of hydrochloric acid 
(1:1). After being shaken for exactly 1 minute, 20 c.c. of a 5% solu- 
tion of potassium iodide are introduced, the iodine which separates 
titrated with standard thiosulphate after 1 hour, and the amount of 
bromine absorbed calculated from the result. The quantity of meta- 
cresol is then obtained from the equations 


3Brx+2Bry 
108.08 


x+y=a and =b, 


in.which x= the amount of metacresol; y, the sum of the ortho- and 
paracresol; a, the weight of the total cresols; and b the weight of 
bromine absorbed, hence: 


2.2195 a—b— b—1.4798a 
See) ©7397 


x=a—y=a-— 


If acresol mixture contain any traces of water, the latter is removed 
preferably by heating 5 to 10 grm. of the mixture in a small frac- 
tionating flask, and after removal of the water distilling over the cresol. 
According to the author’s experimental results, the accuracy of the 
method is with 0.5%. 

It is not possible to determine separately by this method each of 
the individual constituents in a mixture of phenol with the 3 
cresols, but it suggested that this problem may be solved by a combi- 
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nation of the Ditz’s method with that of Raschig, as given above. 
The only difficulty is that in the latter the presence of more than 10% 
of phenol interferes, but this may be obviated by adding to the mixture 
a known quantity of pure metacresol, or a definite quantity of a cresol 
mixture which is free from metacresol,so as to reduce the total amount 
of phenol below 10%. 

Cresylic Acid from Coal-tar.—The 3 isomeric cresols are stated 
by Schulze to exist in gas-tar approximately in the proportions 
of 35% of orthocresol, 40 of metacresol, and 25% of paracresol. 
1:3:5 and 1:2:4 xylenols have been found in the fraction of gas-tar 
phenols boiling between 170° and 210°. Cresylic acid from gas-tar 
has a density of 1.039 to 1.044. It closely resembles phenol, but is 
liquid at common temperatures, far less soluble in water, and boils 
at a higher temperature. The b. p. of commercial cresol is variable, 
as it contains more or less phenol and higher homologues. Samples 
of commercial phenol (even when anhydrous) containing much cre- 
sylic acid remain fluid at ordinary temperatures, and are less soluble 
in water and dilute alkaline liquids than is pure phenol. Cresylic 
acid resembles phenol in its reaction with ferric chloride. With 
some samples the blue colouration first produced rapidly changes to 
brown. 

Cresylic acid dissolves in dilute sodium hydroxide solution contain- 
ing far less alkali than corresponds to the proportion C,Hg0:NaHO, 
but on adding water 2 layers are formed, the lower one of which closely 
resembles cresylic acid, but sometimes occupies a considerably greater 
volume than that of the sample used. When acted on by strong nitric 
or sulphuric acid cresol gives similar, but not identical, products with 
those yielded by phenol. With excess of bromine it produces a simi- 
lar body, but brominated cresol from coal-tar cresylic acid is. liquid 
at ordinary temperatures, whereas the phenol derivatve is solid.t 

The following table shows the chief differences of analytical 
value existing between phenol and cresol. The statements were 
personally verified by Allen upon a sample of Calvert’s “No. 1 
carbolic acid’? and a cresylic acid prepared purposely by care- 
ful fractional distillation of a sample of Calvert’s ‘“‘No. 5 carbolic 
acid.” The cresylic acid was further purified by dissolving it in 
sodium hydroxide and agitating the solution with ether to remove 
naphthalene and other hydrocarbons, the cresol being subsequently 


1 See Allen’s paper on Commercial Cresylic Acid, J. Soc. Chem. Ind., 1890, 141. 
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recovered by addition of acid. 


PHENOLS. 


If this treatment be omitted, scales 


of naphthalene, etc., are liable to separate on treating the sample with 


ammonium hydroxide. 


Phenol 


Cresylic acid 


Solubility of hydrated 
acid in cold water. 


Solubility in ammonium 
hydroxide (sp. gr. 0.880) 
atase. 


Reaction with petroleum 
spirit. 


Behaviour with glycerol of 
1.258° sp. gr. at 15°. 


Solid at ordinary temper- 


atures; liquefied by 
addition of water; in 
both absolute and hy- 
drated condition solidi- 
fied by freezing mix- 
ture. 


TOQC aches ssia oe ee 


TVOMMIME MN, 1 Toe eer 


Completely and_ readily 


soluble in equal volume; 
solution not precipi- 
tated by addition of less 
than 2 1/2 volumes of 
water. 


Absolute acid is miscible 


with hot petroleum 
spirit in all proportions. 
Miscible with only 1/2 
volume of cold petro- 
leum = spirit; precipi- 
tated by greater propor- 
tion. With 3 volumes 
petroleum spirit, bulk 
unchanged; upper layer 
contains carbolic acid, 
which crystallises out 
on sudden cooling by 
freezing mixture. 


Miscible in all propor- 


tions. One measure of 
phenol with an equal 
volume of glycerol is 
not precipitated on ad- 
dition of 3 measures of 
water. In presence of 
cresylic acid less dilu- 
tion is possible, 2 vol- 
umes of water being the 
maximum for’a sample 
containing 25% cre- 
sylic acid. 


Liquid at ordinary tem- 
peratures; neither ab- 
solute nor hydrated acid 
is solidified by freezing 
mixture. 


198° to 203°. 


I volume in 29. 


Soluble in equal volume; 
the solution is precipi- 
tated by slight cooling 
or dilution. 


Absolute acid miscible in 
all proportions. No 
separation of crystals or 
liquid produced by sud- 
denly cooling solution 
in 3 measures of petro- 
leum spirit. 


Miscible in all proportions. 
One measure of cresylic 
acid, mixed with 1 
measure of glycerol, is 
completely precipitated 
by I measure of water. 
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All the cresols possess antiseptic and disinfectant properties to 
a greater degree than phenol, metacresol being the most active, 
but the sparing solubility of all the cresols in water is a serious 
disadvantage. 

From these values it will be seen that cresol is less soluble than 
phenol in water, ammonia, and glycerol, but it is more soluble in 
petroleum spirit. According to W. W. Staveley, absolute phenol is 
soluble in petroleum spirit, but is separated by water. The separation 
is prevented by the presence of from 20 to 25% of benzene in the 
petroleum spirit. Anhydrous cresol is also soluble in petroleum spirit, 
and is separated by water. On adding a saturated solution of calcium 
chloride, the water, is taken up and the cresol redissolves in the petro- 
leum spirit. The first fraction of neosote behaves like cresol. As a 
whole, neosote dissolves in petroleum spirit and is not separated by 
water. Although the above tests suffice for the detection of con- 
siderable proportions of cresylic acid in admixture with phenol, they 
afford no basis for its quantitative estimation, except of the rough- 
est kind. Encouraging results have been obtained by Ewell and 
Prescott by the use of a 9% solution of sodium hydroxide (Analyst, 
1888, 237). The best means of even approximately estimating the 
proportion of cresylic acid present in samples of crude phenol is by 
fractional distillation. 

The following table shows the behaviour of 3 typical samples of 
commercial cresylic acid when distilled in a flask furnished with a 
dephlegmator: 


Commer- | Commer- | Once-run 
cial cial 

SOs ack oaaeeaac ne hana aee te eee Uber anes GEC I.O41 I.049 1.038 
WENTbe ote ad or A vedue Beis Bere ooo OU. oon trace 8.5 0.5 
Mirstedroprdistilledsaba stasis). sist siseete = 6/1 20° go° 95° 
Percentage distilling below 180°............. One 2.5 0.5 
Percentage distilling from 180° to 190°....... 4.6 4.0 I.0 
Percentage distilling from 190° to 195°....... 56.6 16.5 Tia 
Percentage distilling from 195° to 200°....... 23.0 20.0 30.0 
Percentage distilling from 200° to 205°....... I0.0 16.0 19.5 
Percentage distilling from 205° to 210°......./.......... 9.5 II.O 
Percentage distilling from 210 to® 215°.......).......... 6.0 6.0 
Percentage distilling from 215° to 225°.......|.......... 6.6 6.5 

BR Ot alive vara Ne olches.s ws ists) oihicielens. 6 oot s 96.4 89.5 96.5 
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A sample of Calvert’s ‘No. 5 carbolic acid,” when fractionated 
in the same manner, gave 6.8% over below 180° (including 5.5% of 
water), 5.6 between 180° and 186°, 46.8 between 186° and 190°, 28.8 
between 190° and 195°, and 7.0 between 195° and 200°; the total over at 
this temperature being 95.0% by measure. The last 3 fractions 
distilled had a sp. gr. of 1.0541, 1.0430, and 1.0370, respectively. 
The gradual decrease of gravity with increase in the b. p. is a constant 
feature in the fractionation of phenols. 

The phenoloids of blast-furnace tar, contained in the ‘‘neosote” 
of commerce are chiefly cresols. 


Analysis of Creosote and Cresylic Acid Sheep Dips. 


The following methods are taken from Bulletin 107, Bureau of 
Animal Industry, United States Department of Agriculture. These 
methods will also apply to a large number of liquid insecticides that 
contain phenols and neutral oils. 

Estimation of Water.—so grm. of dip is weighed into a 100 c.c. 
fractionating flask with a moderately high side tube, beyond the exit 
of which the neck should continue for not more than 1 in., and the 
flask is connected with a small water-cooled condenser and carefully 
heated with a smoky flame until oils come over freely and carry no 
trace of water with them, but the distillation should not be unneces- 
sarily continued. The distillate is received in a properly graduated 
25 c.c. cylinder, allowed some time to separate completely, and the 
volume of water read. The number of cubic centimeters of water 
multiplied by 2 equals the % of water. Ordinarily the process 
offers no difficulties. A dip extremely high in rosin may bump 
and froth over, no matter how carefully heated. In such a case a 
larger flask is used, and the dip is diluted with about an equal volume 
of water-free mineral‘ or coal-tar oil. In case separation of the distil- 
late is imperfect, a small measured amount of strong NaCl solution is 
added from a pipette, and the cylinder is nearly filled with benzol, 
shaken, and left at rest for some time. The volume of NaCl solution 
added is of course to be deducted when the reading is taken. 

Estimation of Soda and Pyridine Bases.—The method, which 
is a novel combination and adaption of well-known principles and 


1 In any case it would probably be well to add a liberal excess of mineral oil, and I have 
found that a fraction from heavy benzin boiling between 149° (300° F.) and 232° (450° F.) 
gives satisfactory results. (Amer. Ed.) 


CRESOLS. CRESYLIC ACIDS. 319 


processes, depends upon the fact that pyridin bases are alkaline toward 
methyl-orange, but not toward phenolphthalein. A known weight 
of dip is shaken in a separatory funnel with ether and water to which 
a known amount of sulphuric acid has been added. Rosin soap is 
thus decomposed, and all bases contained in the dip will pass as sul- 
phates into the lower acid aqueous layer which soon separates. The 
latter is quantitatively removed, and, ignoring acid salts for the sake of 
simplicity, will contain the substances— 


(a) (b) (c) 
Stage I. Na,So,. iSO. (C,H.N),H,SO,. 
If methyl-orange is now added and the solution titrated to neutrality 
with standard sodium hydroxide the result will be— 


(a) (b) (c) 
Stage II. Na,SO,,. Na,SO,. (C.H.N),H350;; 
If next phenolphthalein is added and titration with standard caustic 
soda contained until the solution is neutral to that indicator, the final 
condition of the solution will be— 


(a) (b) (c) 

Stage III. Na,SO,. Na,SO,. Na,SO,. C.H.N. 

Obviously the amount of sodium hydroxide required to change the 
solution from Stage II to Stage III will be a measure of the amount of 
pyridin present, while if the amount of sodium hydroxide added in the 
whole titration is substracted from the equivalent in soda of the sulphuric 
acid originally introduced, the remainder will equal the amount of 
soda in the dip. Briefly, the amount of soda equivalent to H,SO, 
(c) measures pyridin; soda equivalent to H,SO, [(a+b+c)—(b+c) ] 
is the soda of the dip. The process is executed in the following manner: 

10 grm. of dip is weighed into a 200 c.c. short-stemmed separating 
funnel, 50 c.c. ether added, exactly 30 c.c. of N/2 H,SO, run in froma 
burette and the funnel shaken. The lower aqueous layer, which 
now contains the bases, is drawn off completely, together with any 
insoluble carbonaceous matter which may appear at the junction of 
the 2 layers. No harm is done if a small amount of the ethereal layer 
accompanies the insoluble matter in the separation. The ethereal 
solution remaining in the funnel is next washed 4 times with water, 
using about 20 c.c. each time. In the first of these washings the funnel 
should not be shaken, but the water should be drawn off at once, the 
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object being to wash out the stem of the funnel and so avoid loss of a 
little acid therein contained. 

All the aqueous extracts are united and heated on the steam-bath 
for expulsion of ether. The liquid is then passed through a wet filter 
into a 300 c.c. flask, the filter washed with hot water, the flask cooled, 
filled to the mark, and the contents exactly divided between 2 uniform 
titrating flasks of about 300 c.c. capacity. To 1 of these portions add 
methyl-orange, then N/2 NaOH till the red tint just disappears, as 
nearly as can be determined by comparison with the second portion. 
Then add 1/r1oor 2/10 of ac.c. more of N/2 NaOH to make sure 
that neutrality has been reached, though much excess must be 
avoided, else the separation of higher pyridin bases will render the 
solution turbid. 

This first titration is not quantitative, but merely to afford a standard 
of comparison, by the aid of which the second portion is quantitatively 
titrated to exact neutrality, after the addition of an equal amount of 
methyl-orange. .The number of c.c. of N/2 NaOH used is noted, 
phenolpthalein added, and the titration continued to the end-point of 
that indicator. To obtain the % of Na,O in the dip, subtract the 
total number of c.c. of N/2 NaOH used in the whole titration of the 
second portion from 15, and multiply the remainder by 0.31. To 
obtain the % of volatile bases reckoned as pyridin, multiply the number 
of c.c. of N/2 NaOH used between the end-points of methyl-orange 
and phenolphthalein by 0.79. The only difficulty in the method is 
the determination of the point of neutrality toward methyl-orange, but 
a proper use of the standard of comparison will satisfactorily overcome 
this. 

Recent work has indicated that the colouring matters which tend to 
interfere with the accurate observation of the end-point with methyl- 
orange may be almost entirely removed from the solution by the use 
of animal charcoal. Powdered animal charcoal is digested on the 
steam-bath with dilute hydrochloric acid in sufficient quantity to de- 
compose and dissolve all carbonates and phosphates present, then 
washed with hot water until the wash-water is free from chlorides, 
and finally dried and powdered. 

In the course of an analysis, after the flask containing the acid 
extract from the dip has been heated upon the steam-bath until ether 
has been completely expelled, 1 to 1.5 grm. of the purified animal 
charcoal are added, and the flask, frequently shaken, is left upon thé 
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steam-bath for 30 to 60 minutes. The contents are then filtered, 
washed, and titrated as usual. After proper treatment with animal 
charcoal in this manner the solution will be a pale green in colour, 
possessing none of the muddy yellow tint which tends to obscure the 
end-point with methyl-orange. 

Experiments have thus far failed to show that any inaccuracy is 
introduced into the method by the use of animal charcoal in the manner 
described. 

Phenols.—so grm. of dip are weighed into a 500 c.c. round-bot- 
tomed flask, 20 c.c. of 1:3 H,SO, are added, and the phenols are dis- 
tilled off with steam. The flask will require no heating if a rapid 
current of steam is passed into it, but may with advantage be packed in 
cotton or felt. Obviously the apparatus must be so set up and the dis- 
tillation so conducted that particles of rosin may not be mechanically 
carried over by the current of steam. Toward the end of the distilla- 
tion any naphthalene in the condenser is melted out by shutting off the 
water for a few minutes, or if separated earlier in sufficient quantity 
to threaten stoppage of the condenser tube, distillation is interrupted 
while hot water is run through the condenser. The distillate is re- 
ceived in a litre flask approximately marked for each 100 c.c. capacity 
and joined to the condenser by a cork which is pierced by a small 
glass tube connected to a small U-tube containing a little dilute sodium 
hydroxide. The latter acts as a trap to prevent any loss of the dis- 
tilled phenols. Distillation is continued until 1 or 2 c.c. collected in 
a test-tube give no reaction with any appropriate reagent for phenols, 
such as ferric chloride. A volume of 800 c.c. is ample in nearly all 
cases. 

A supply of benzol should be prepared by shaking a good grade of 
benzol with dilute sulphuric acid, then with dilute sodium hydroxide 2 
or 3 times, and then passing through a dry filter. A small wash- 
bottle containing some of this benzol will be found very useful for 
rinsing the necks of separatory funnels, etc. Of this purified benzol 
150 ¢.c. are measured out conveniently at hand, the contents of the 
U-tube and 5 c.c. of 1: 1 H,SO, are added to the distillate, and the latter 
is shaken up and poured into a separatory funnel of 1,500 c.c. capacity, 
the flask being rinsed out with successive portions of the 150 c.c. 
benzol. When all is in the funnel 25 grm. of clean sodium chlorid are 
added for each 100 c.c. of distillate, and the funnel is well shaken for 
5 minutes and left at rest 1/2 hour. The aqueous layer is then run off 

Vot. III.—2xr 
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slowly and completely, the funnel being allowed to stand until there is 
no further separation. The benzol solution of phenols and hydrocar- 
bons is transferred to a 500 c.c. Erlenmeyer flask, while the aqueous 
portion is poured back into the separating funnel and extracted twice 
more in the same way, 100 c.c. of benzol being used each time. The 
funnel should always be gently handled after the aqueous portion has 
been drawn off, to prevent any impurities from the sodium chlorid which 
have deposited upon its sides from becoming mixed with the benzol 
solution. The 3 benzol extracts are united in the Erlenmeyer flask, 
15 c.c. of pure sodium hydroxide solution, 1:2, is added, and the con- 
tents of the flask are subjected to a rotatory motion for some time in 
order that the phenols may be taken up by the sodium hydroxide as 
completely as possible. 

After the addition of a few grains of sand the flask is immersed in 
a water-bath, connected to a condenser, and all but 4o to 50 c.c. of the 
benzol distilled off. With the.aid of a wash-bottle containing water 
and provided with a fine jet, only a small portion of water being used 
at a time, the contents of the flask are next carefully washed into a 
150 c.c. separatatory funnel. With proper manipulation the flask 
should be completely washed when the volume of aqueous portion in 
the separatory funnel amounts to not more than 5oc.c. 10 c.c. of 
strong sulphuric acid (100 c.c. pure concentrated H,SO, to 120 c.c. 
water) are next slowly introduced with gentle rotation of the funnel, 
the addition of acid being interrupted and the funnel cooled whenever 
it becomes unpleasantly warm to the hand. 2 or 3 drops of methyl- 
orange are now added; and if on mixing the contents of the funnel the 
lower layer does not acquire a pink colour, the addition of acid is con- 
tinued until acidity is assured. Sufficient benzol is then added to make 
the 2 layers in the funnel approximately equal in volume, the funnel is 
thoroughly shaken and, with loosened stopper, left at rest for 2 hours. 
After that time the aqueous layer is slowly and completely run out, the 
analyst making sure that on longer standing no more will drain down 
from the sides of the funnel. The benzol solution of phenols is then 
ready to be transferred to the measuring tube. 

The measuring tube consists of a glass-stoppered pear-shaped bulb 
of about too c.c. capacity, joined at its tapering end to a tube about 
t foot long and of a capacity of 25 to 30 c.c. This tube is accurately 
graduated to contain 25 c.c. at 20° in divisions of 1/10 c.c. (see Fig. 8). 

The apparatus is cleaned thoroughly with soap powder and hot 
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water, and dried, best spontaneously, though alcohol and ether may be 
used if pure. Perfect cleanliness is essential to insure a properly shaped 
meniscus. Between 15 and 16c.c. of sodium hydroxide solution, 1:3, 
is brought into the tube witha pipette. The sodium hydroxide should not 
be allowed to come in contact with the interior of the 
bulb or the upper part of the tube. After a few 
moments about 1 c.c. of benzol is added, and after 
waiting a little the height to the top of the now 
almost flat meniscus is noted. The benzol solution 
of phenols is next transferred from the separatory 
funnel to the tube, care being used to avoid mixing 
with the soda; the separatory funnel is washed out 
with a little benzol, which is also transferred to the 
tube, and the height of the meniscus is again noted. 
The latter may often be obtained more accurately 
at this point. The tube is then stoppered, vigorously 
shaken for 3 minutes, and set aside for at least 3 
hours. An occasional rapid rotation of the tube be- 
tween the palms of the hands will insure a complete 
separation of the layers. Each c.c. increase in 
volume of the sodium hydroxide solution may be 
taken to represent 1 grm. of phenols. All readings 
of the tube should be taken at the top of the 
meniscus and at a temperature as near 20° as prac- 
ticable. . 

This method of treating the distilled phenols is 


Es 
essentially that of Spalteholz (Chem. Zeit., 1898, 22, ee, 
58-59), though the details of its execution were not =a 

== 

E=3 


imparted in the original communication and had to 
be worked out independently. 
From certain experiments it seems possible that 
a continuous extraction apparatus” may be success- 
fully employed to extract phenols from the aqueous fre 3t 
distillate of the dip, using benzol as the solvent, 
and introducing sodium hydroxide solution into the distillation flask of 


1The use of this cut was kindly granted by the Bureau of Animal Industry, U.S. Dept. 
of Agriculture. P 

2 Forms of extraction apparatus may be obtained of all ground-glass connections for ex- 
tracting aqueous liquid, with solvents lighter than water and solvents heavier than water, or 
in the usual way as a Soxhlet extractor depending upon the use of special attachments for, 
the several purposes intended. (Amer. Ed.) 
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the apparatus at the beginning of the operation to retain the extracted 
phenols. When the extraction is completed the small flask of the ap- 
paratus will contain all the phenols, dissolved in a limited amount of 
sodium hydroxide solution and overlaid by about 50 c.c. of benzol. 
The contents of the flask may then be brought readily and com- 
pletely into a separatory funnel and acidified in the usual manner. 
Certain exigencies of the work in this laboratory’ have rendered 
somewhat inconvenient at the present time a practical test of this 
method of procedure in the routine examination of dips submitted 
for analysis. 

Determination of Rosin Acids.—Resins in general have been 
shown to contain at least 3 different classes of bodies (Allen, Vol. 4): 
(1) resin acids or anhydrides, (2) esters of these or similar acids, 
(3) indifferent neutral bodies, perhaps hydrocarbons. Common rosin, 
or colophony, contains, according to Allen (Id., p. 160), between 83.4 
and 93.8% of free rosin acids or anhydrides. The remaining 6 to 17% 
consists of neutral bodies, soluble in ether and not extracted from ethereal 
solution by aqueous sodium hydroxide, and accordingly there would 
seem to be no practicable means of distinguishing and separating them 
from the coal-tar hydrocarbons of the dip. Apparently, then, the 
analyst must be content with a determination of the amount of rosin 
acids present, which will represent about 9/10 of the amount of rosin 
actually used in manufacturing the dip. Either a gravimetric or a 
volumetric method may be employed. 

Owing to the degree of uncertainty attached to the exact combining 
equivalent of the rosin acids in each particular dip, the gravimetric 
method has an indubitable advantage in point of accuracy when 
properly carried out. But as a matter of fact the combining equiva- 
lents of a considerable number of rosin acids obtained from different 
dips in the gravimetric way in the course of analysis have been found 
to vary very little, not enough in any case to cause a possible error of 
0.5% in the analysis of a dip of ordinary constitution. Moreover,. 
in view of the difficulty of completely separating hydrocarbons from 
rosin acids, as is necessary in the gravimetric method, it is probable 
that the ordinary analyst without considerable practice in this partic- 
ular operation will obtain quite as accurate results by the volumetric 
method as by the gravimetric. Accordingly the volumetric method 
would seem to recommend itself for use in ordinary routine work on 


1 Bureau of Animal Industry, U.S. Dept. of Agric. 
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account of its greater rapidity, simplicity, and probable equal ac- 
curacy under ordinary conditions, while the gravimetric method may 
be reserved for dips extremely high in rosin or for a confirmatory 
method in special cases. 

For the determination of rosin acids by either method it is most 
advantageous to make use of the residue left in the distillation flask 
after the estimation of phenols. From this residue all phenols 
and a large part of the hydrocarbons have been removed, hence the 
necessary extraction by ether is expedited. After cooling, the aque- 
ous portion of the contents of the flask is poured into a separatory 
funnel, with as little rosin as possible, and extracted with ether. The 
aqueous portion is run off and discarded, the residue in the flask is 
completely dissolved and brought into the funnel with ether, 40 to 50 
c.c. of water is added, and the funnel well shaken. The presence of 
insoluble carbonaceous matter will usually cause a persistent emulsion 
at the junction of the 2 layers, which may, in fact, entirely fill the lower 
part of the funnel. 

This is wholly run off into a 300 cic. Erlenmeyer flask and the 
ethereal solution well shaken again with successive portions of water, 
the water being run off each time to the clear ethereal solution, until 
the carbonaceous matter is wholly removed and separation takes 
place in the funnel quickly and cleanly. These wash-waters are all 
received in the flask containing the first separated emulsion, and this 
is heated upon the steam-bath until ether is expelled. The contents 
are then brought more or less completely upon a wet filter and washed 
with hot water. At this point the methods diverge. 

Gravimetric Method.—In case the gravimetric method is to be 
employed, after a brief washing of the insoluble carbonaceous residue 
with hot water, both flask and filter are well drained. Both are then 
washed, first with a little absolute alcohol to remove water, then thor- 
oughly with ether until all rosin is dissolved and the filtrate comes 
through colourless. 

The united ethereal solution of hydrocarbons and rosin isnow 
thoroughly shaken with about 40 c.c. of 15% sodium hydroxide. 
On separation there will be three layers. The lowest one usually 
contains very little rosin soap, and consequently holds but a 
small amount of hydrocarbons. It is best run off and washed 
separately with ether. One washing will usually free it completely 
from hydrocarbons. 


326 PHENOLS. 


After the first layer has been thus removed, about 50 c.c. of water 
is added to the funnel and the latter is well shaken. The lower layer 
of rosin soap is run off and followed by 5 to ro c.c. of water without 
shaking, the funnel being given only a gentle rotatory motion. The re- 
maining ether solution of hydrocarbons is washed twice with 20 to 25 c.c. 
of about 4% sodium hydroxide solution, each washing being followed 
by a little water as before described. These 2 washings with dilute 
sodium hydroxide are kept apart and not added to the main solution of 
rosin soap. 

. The main solution of rosin soap is now washed in a separatory fun- 
nel with successive portions of ether, followed through each time by 
5 c.c. of water, as at first, until the ether is left nearly colourless. The 
ether extracts are shaken through in their order with the 2 washings 
of dilute caustic soda already used, and a third if needed, each being 
followed with a few c.c. of water. 

All the aqueous extracts are united in a porcelain dish or casserole, 
which should be not more than half-filled by them, and are evaporated 
on the steam-bath until ether is dissipated and the volume reduced 
to aconvenient amount. The contents of the dish are then transferred 
to a separatory funnel with the aid of a spatula and hot water; strong 
sulphuric acid is added to decompose all rosin soap, and after complete 
cooling the rosin acids are extracted by ether and washed with water 
till free from sulphuric acid. The ethereal solution is brought into a 
weighed Erlenmeyer flask with a few grains of sand, the ether is dis- 
tilled off, and the flask is heated in an oven at 110° until the absence of 
frothing on rotation shows elimination of water; it is then cooled and 
weighed. 

Volumetric Method.—As already noted, the volumetric method 
proceeds identically with the gravimetric to the point where carbona- 
ceous matter is brought upon the filter and washed with hot water. 
The washing in this case must be continued until the wash-water 
comes through entirely free from acid reaction. The main ethereal 
solution has meanwhile been brought into a flask and the ether dis- 
tilled off. The filter funnel is set in the neck of this flask, and the 
carbonaceous matter is washed with hot alcohol previously rendered 
neutral to phenolphthalein, until freed from rosin. The alcoholic 
solution of rosin is brought into a graduated flask, and an aliquot 
part, usually 1/4, taken for titration with N/2 sodium hydroxide. 
The titration is conveniently carried out in a 200 c.c. Erlenmeyer 
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flask in a volume of 100 to 125 c.c., the portion taken being diluted with 
neutralised alcohol to that amount. 

Owing to the very dark colour of the liquid an external indicator is 
necessary. For this purpose alkali blue is best adapted. A few drops 
of a strong alcoholic stock solution are added to 25 or 30 c.c. of alco- 
hol, which is then carefully neutralised with N/10 sodium hydroxide. 
Enough alkali blue should be added to produce a deep colour, almost 
a cherry, when neutralised, with no trace of violet. This dilute indi- 
cator should be freshly prepared. A supply of small test-tubes 8 to 
10 mm. in diameter and 60 to 80 mm. long should be at hand, cleaned 
and dried. When a test of the progress of the titration is to be made 
about 1/2 c.c. of prepared indicator is poured into 1 of these test-tubes, 
and to this is added a drop of the liquid under titration. If a violet 
colour appears, the solution still contains free rosin acid, and more 
N/2 NaOH must be added and the solution again tested with a fresh 
tube of indicator. If the indicator does not show a violet colour upon 
the addition of 1 drop of the liquid under titration, addition of the 
latter is continued drop by drop until an amount has been added 
approximately equal in volume to the amount of indicator originally 
in the tube, 7. e., 1/2 c.c. The continued absence of a violet colour 
after the addition of this amount indicates that the solution is either 
neutral or alkaline. The end of the titration then is reached when a 
greenish or violet tint just fails to appear. A fresh tube of indicator 
must be used for each test. It is best to proceed by running in 12 to 
15 c.c. of N/2 sodium hyroxide at once, testing and continuing addi- 
tion if necessary, a c.c. at a time, until the indicator shows alka- 
linity, then titrating back with N/2 hydrochloric acid, using per- 
haps o.4c.c. at a time till acidity is shown, and now working care- 
fully with N/2 sodium hydroxide to exact neutrality. 1c.c. of N/2 
sodium hydroxide is considered to be equivalent to o. 162 grm. of 
rosin acids. 

Phenolphthalein may also be used as an indicator in a similar way, 
by preparing an alcoholic solution of quite a deep rose tint. The 
end-point of the titration will then be reached when the indicator, used 
in the same way as alkali blue, is no longer bleached by the addition of 
the liquid under titration. The colour change is not so marked asin 
the case of alkali blue, and consequently the end-point is not so sharp, 
though almost equally good results may be obtained with a little care 
and practice. 
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All the alcoholic solutions should be kept from contact with air as 
far as possible to prevent absorption of carbon dioxide. 


Determination of Occasional Ingredients. 


Light oils.—The presence of light oils will usually be indicated by 
the relative proportions of oil and water which come over in the early 
stages of the process of distilling the dip for the estimation of 
water. The odour of the distillate should be noted at this point, to 
identify if possible the nature of the light oils present. If more infor- 
mation is desired, about 150 grm. of dip are thoroughly shaken with 
20 to 25 c.c. of 1:3 sulphuric acid, allowed some hours to separate, and 
a weight of oils, etc., equivalent to 100 grm. of dip—z. e., a weight 
in grm. equal to the sum of the percentages of hydrocarbons, phenols, 
and rosin—is distilled from an Engler flask fitted with a thermometer 
until the temperature reaches 180°. The distillate is measured and 
further examined in any way desired. 

Naphthalene.—Too large a proportion of’ naphthalene or other 
solid hydrocarbons is undesirable on account of the liability of these 
bodies to separate from the dip in freezing weather and remain for a 
long time as an undissolved sediment. For an approximate esti- 
mation of the amount of solid hydrocarbons present 50 grm. of dip 
are acidified with a little concentrated hydrochloric acid, roo c.c. alcohol 
added, and the containing vessel immersed in a freezing mixture for 
2 hours, with occasional stirring. The separated hydrocarbons are 
then filtered off on a Buchner funnel or plate, washed somewhat with 
chilled alcohol, well drained, and pressed out in a letter-press be- 
tween several thicknesses of filter-paper. The mass may then 
be weighed and subjected to any further examination desired. A 
more practical test is to subject a portion of the dip itself to a 
temperature of o° for about 3 hours, with occasional shaking or 
stirring. It should remain perfectly clear and liquid and show no 
separation of solid matter. 

Foreign Oils and Creosotes.—By the regulations of the Secretary 
of Agriculture (Bureau of Animal Industry Order 143, p. 18) the degree 
of dilution which may be accorded to a coal-tar creosote dip is ex- 
plicitly made to depend upon the percentages of coal-tar oils and cresylic 
acid contained in the dip. Accordingly in the standardisation of 
dips for official use, within the scope of the regulations, petroleum oil, 
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rosin oil, or creosotes of other origin than coal-tar must be regarded as 
extraneous substances. Investigations are now ‘in progress to find 
satisfactory methods for detecting and estimating these substances 
when present in dips. At the present time, however, this line of work 
has not reached a point of development which warrants the publica- 
tion of any results. 


CRESYLIC ACID DIPS. 


Cresylic acid or cresol dips in composition approximate more or less 
closely the “‘liquor cresolis compositus”’ of the United States Pharma- 
copeeia, eighth revision, 1905, being made from a potash-linseed oil 
soap and cresylic acid comparatively free from hydrocarbons. A 
properly prepared dip of this character should upon dilution in 100 
parts of distilled water yield a practically water-clear solution, showing 
absence of any notable amount of hydrocarbons or unsaponified oil. 
On dilution, however, with hard water there will naturally be some 
turbidity, caused by the precipitation of soap. A portion of the dip 
when treated with successive small portions of water should show 
itself miscible in all proportions. At no stage should there be any 
notable turbidity of separation of heavy oily globules of cresylic acid 
due to absence of sufficient soap. 

The methods of analysis adopted are essentially the same as for 
coal-tar creosote dips, modified in details to suit the somewhat dif- 
ferent composition of the substances. 

Estimation of Water.—The distillate must always be received 
in a stoppered cylinder and treated with benzol and sodium chloride 
solution as described. The results will be about 0.5% too low. 
The addition of toluene or a similar hydrocarbon to ihe dip before 
distillation might possibly improve the results. 

Estimation of Potash (or Soda) and Pyridine.—A preliminary 
test is here necessary to determine whether potash or soda is the alkali 
present. The test may be conveniently made by shaking about 10 grm. 
of dip with ether and a little dilute hydrochloric acid, drawing off the 
aqueous layer, and applying the flame test with a platinum wire, sup- 
plementing this with any other confirmatory test necessary or desirable. 
If potash is found to be the alkali present the factor 0.471 must be 
used in place of the factor 0.31 employed in the case of soda. 
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Estimation of Phenols.—Since the percentage of phenols will 
here be much higher than in coal-tar creosote dips, a smaller amount 
of dip must be taken for analysis, usually 15 to 20 grm. The amount 
should be as large as possible, in order that the greatest quantity of 
phenols within the capacity of the tube may be brought to measure- 
ment. A new opportunity for error is here afforded. Linseed oil 
possesses a low Reichert-Meissl number, 00 to 1.43 (See Vol. 2, 
page 70). This means that a small amount of volatile fatty acid 
will accompany the phenols through the stages of the process and 
tend to cause too high results. To determine the possible amount 
of this error 25 grm. of linseed oil was saponified, then acidified, 
and distilled with steam until 800 c.c. had been collected. The 
distillate was treated by the regular method and an increase in 
volume between 0.02 and 0.07 c.c. observed. In view of the fact that 
this quantity of soap is 4 or 5 times as much as would be present 
in an ordinary analysis, the error which is likely to arise from this 
source would appear negligible. 

Estimation of Rosin or Fatty Acids.—The odour of the aan 
itself, and more especially the character of the residue left in the flask 
after the distillation of phenols, will inform the analyst whether rosin 
or fatty acids are to be determined. Rosin will collect in a solid, hard 
button at the bottom, while fatty acids will form a liquid oily layer 
floating upon the surface of the aqueous contents. In either case the 
whole is extracted with ether, washed with water, and, after evapora- 
tion of ether, dissolved in neutralized alcohol and titrated with N/2 
sodium hydroxide. __r c.c. of N/2 soda will represent 0.138 grm. fatty 
acid anhydrides (Lewkowitsch, J. Chemical Technology and Analy- 
sis of Oils, Fats, and Waxes, 3d ed., Vol. 1, p. 334, 1904) and 0.015344 
grm. glycerin. Cresol dips containing rosin soap are not at present 
permitted in official dipping in the U. S. A. 

Such a detailed analysis of a cresol dip would appear, however, 
seldom necessary. Phenols must of course be determined as accurately 
as possible. An examination of the odour and appearance of the 
residue left in the flask after distillation of phenols will indicate the 
character of the soap employed. If, then, the behaviour of the dip upon 
dilution is satisfactory and indicates the presence of sufficient soap, the 
only remaining question is whether there may be an unnecessary and 
possibly harmful amount of alkali present. In the presence of the 
large amount of cresylic acid contained in these dips there can be, 
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strictly speaking, no “‘free alkali.” The ideal cresol dip will, however, 
unquestionably contain no alkali above that necessary to obtain com- 
plete saponification of the linseed oil. An excess of alkali can be of 
no possible benefit and might conceivably be undesirable for several 
reasons. A useful test for the presence of an excess of alkali is that of 
Kelhofer (Schweizerische Wochenschrift fiir Chemie und Pharmazie, 
Jahrg. 46, No. 2, pp. 19-20. Zurich, Jan. 11, 1908). 

ro grms. of dip are thoroughly shaken in a small separatory funnel 
with 30 c.c. of a saturated solution of NaCl. After complete separa- 
tion has taken place the lower aqueous layer is removed, diluted with 
an equal volume of water, and a few drops of phenolphthalein added. 
If the dip has been made from a perfectly neutral linseed-oil soap, there 
will appear at most but a slight reddening of the solution, which 
vanishes upon the addition of a drop of N/2 acid. If more acid 
is required to remove the pink colour, the presence of an excess of 
alkali is indicated. The test cannot be made quantitative, for ex- 
periments have shown that only a part of the excess of alkali actually 
present is accounted for in this way, the remainder probably being 
thrown up in the form of alkali cresylate into the upper layer with the 
soap. It would seem, then, reasonable to demand that no dip treated 
as described should require more than a very few tenths of a cubic 
centimeter of half-normal acid to remove the pink colour imparted by 
phenolphthalein to the sodium chloride extract. 

Duyk (Ann. Chim. Anal., 1907, 12, 345) proposes a method for 
the estimation of soap in cresol dips, according to which the soap is 
separated by shaking the dip with a strong sugar solution. The 
latter dissolves all the soap, which may be recovered by salting out 
with sodium chloride, and purified, if desired, by solution in 
alcohol. 


PHENOLIC DISINFECTING LIQUIDS. 


According to Engler and Dieckhoff (Arch. Pharm., 1892, 230, 562) 
cresol is only very slightly soluble in a solution of sodium acetate, but is 
miscible in all proportions with a 50% solution of sodium valerate. 
It also dissolves readily in a 15% solution of sodium oleate, 1 part of 
this compound rendering 5 parts of cresol soluble in water. Solution 
of rosin soap also dissolves cresols in large proportions. These facts 
explain the possibility of preparing phenolic disinfectant liquids 
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(e. g., “creolin”), some of which contain as much as 50% of cresol 
acid. The aqueous solutions of the salicylates, benzoates, phenylace- 
tates, etc., of the alkali metals, ammonia, and of aniline, also dissolve 
cresol, and their use for the preparation of soluble disinfectants con- 
taining the higher phenols has been patented by F. von Heyden 
(Eng. Patent, 1890, No. 9103). 

While the higher phenols are rendered soluble in water by the pres- 
ence of a suitable proportion of soap, the use of soap also furnishes a 
means of preparing aqueous solutions of hydrocarbons, the solubility 
of which is greatly increased by the simultaneous presence of 
phenols. 

The popularity of phenol and the cresols as antiseptics and 
disinfectants has led to the production of many proprietary 
and patented preparations containing, or purporting to contain, 
these substances. The following may be mentioned, but the sanitary 
applications of this class of bodies are of much less importance than 
formerly, since the more exact investigations of modern bacteriology 
have discredited in part the value of the phenols as germicides for 
internal use: 

Creolin (Cresoline, Sanatol).—2 forms of this preparation are 
sold, known, respectively, as Artmann’s and Pearson’s. The former is 
obtained by the action of sulphuric acid on crude cresol. The latter 
contains cresol and some of the hydrocarbons of coal-tar held in 
solution by a resin-soap. 

Lysol.—This is the fraction of coal-tar which boils between 190° 
and 200°, dissolved in fat and saponified. It is a clear, brown syrup, 
containing about 50% of cresols and is miscible with water. A little 
naphthalene is also present. 

Saprol (which must not be confounded with Asaprol is a mixture 
of crude cresols with some petroleum products. 

Sapocarbol is a solution of crude cresols in a potassium soap. 

Solutol and salveol contain sodium cresylate with excess of 
cresol. 

The following method for the analysis of sheep dips and the fore- 
going phenolic disinfecting liquids is that employed in Allen’s 
laboratory: 


1For a list and brief statement of the character of many of these preparations see The 
Newer Remedies, by V. Coblentz. 
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Treat 50 grm. of the sample with dilute sulphuric acid (x : 3) until the liquid is distinctly 
acid to litmus, shake with ether, and separate. 


Acid Liquid. — Ren-| Ethereal Layer.—Shake with 20 c.c. (more or less, according to the 
der alkaline with amount.of phenols, etc., supposed to be present) of a 25% solu- 
sodium hydroxide tion of sodium hydroxide and separate. 
and distil. Titrate : 
distillate with N/2 
acid, using methyl-|Ethereal Layer.—) Alkaline Liquid.—Acidify with sulphuric acid 
orange asanindca-| Distil off ether) (1 : 3) and distil until no more oily drops pass 
tor. (1 c.c. N acid) and weigh residue) over. 
neutralises. 0.079| of hydrocarbons (e.| 
grm. pyridine.) g., rosin oil, tar oil,| 

naphthalene, etc.) | Distillate—Evaporate tolow/Residue in Re- 

| bulk with 20 cc. of a} tort.—Shake 

25% solution of sodium; with ether,sepa- 

hydroxide (or sufficient to| rate, distil off 

fix all the phenols), trans-| ether and weigh 
fer to a burette, acidify| residue of fatty 
slightly with sulphuricacid| and resin acids. 

(1 :. 3), keeping thoroughly) 

coolall the time, and meas- 

ure layer of phenols. The 
volume in c.c. multiplied 

Ey, 1.05 equals the weight 

of phenols in sample 

taken. 


Ditz and Clauser (Chem. Zeit., 1898, 732) have devised a process for 
the analysis of lysol, creolin, and similar preparations, depending on the 
fact that barium oleate is insoluble in water and but slightly soluble in 
50% alcohol, whereas barium phenoxide dissolves in 40% of its weight 
of water at 100°, the orthocresoxide in 150%, the paracresoxide in 320%, 
while the rare metacresylate is very soluble. Barium oleate, however, 
being somewhat uncertain in composition, cannot be weighed as such; 
it is necessary again to liberate the oleic acid. Moreover, the fatty 
acids in lysol, etc., are not pure oleic, but contain stearic and palmitic as 
well, the barium salts of which are partially decomposed by water. 
Preliminary experiments have shown that with lysol, which usually con- 
tains about 40% of fatty acids and 40% of phenols, the amount of the 
former recovered is only 0.5% too low, and this is a deficiency of no im- 
portance in the present investigation. The operation is as follows: 
5 grm. of the sample are dissolved in 100 c.c. of warm water, 20 to 30 c.c 
of 10% solution of sodium hydroxide added, and the mixture extracted 
2 or 3 times with ether to remove the hydrocarbons. The ethereal 
solution is washed with very weak sodium hydroxide, and the latter 
combined with the bulk of the aqueous liquid; the ether is dried over 
solid potassium hydroxide, cautiously evaporated, and the residue 
dried over sulphuric acid to constant weight. The aqueous solution is 
carefully freed from ether on the water-bath, neutralised with hydro- 
chloric acid, cooled completely (this is most important), and treated 
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with excess of barium chloride and a quantity of barium hydroxide 
solution roughly equivalent to the phenols present. The mixture is 
filtered quickly, avoiding unnecessary exposure to the air, the precipi- 
tate washed with barium hydroxide solution, then cold and finally hot 
water, rinsed back into the original beaker, decomposed with 1: 1 
hydrochloric acid, and thrown on to the first filter again. The oleic 
acid is washed with hot, weak acid till free from barium, with water 
till free from acid, dissolved in absolute alcohol and ether, and evapo- 
rated to constant weight at 100°. 

The filtrate from the barium oleate, etc., may be acidified, extracted 
with ether, and the phenols recovered by evaporation; but it is better 
to operate as follows: In a convenient fraction of the acidified 
liquid the mixed phenols are determined by the Koppeschaar method 
(calling the bromine absorption calculated on the whole bulk x grm.). 
Another portion is extracted with ether, the solvent evaporated, and 
the residue dried for 2 or 3 hours at 100° to 110° (loss by volatilisation is 
of no consequence in this test). It is then dissolved in sodium hydroxide 
or barium hydroxide and titrated as before. The weight of the whole 
residue being @ grm., its bromine absorption 6 grm., and the weight 
of the sample originally taken c grm., the percentage of phenols is 
given by the formula: 


I00 ad xX 


be 


For the estimation of phenols in soap, Fresenius and Makin (Zeit. 
anal. Chem., 1896, 325) recommend the decomposition of the soap by 
diluted sulphuric acid in slight excess, and distillation of the mixture 
in current of steam. The results are about 1% too high, owing 
probably to the presence of small amount of fatty acids in the distillate. 
The phenol in the distillate is determined by any suitable method. 

W. Spalteholz (Chem. Zeit., 22, 1898) points out that in the examination 
of neutral substances, where the phenols are not in a state of combina- 
tion, it is not necessary to add acid before distillation. The sample is 
placed in an iron retort and distilled in a current of steam between 
200° and 220° until the distillate no longer yields any oily matter. 
Bodies which contain soaps of oleic acid must not be heated above 210° 
lest the latter are decomposed; this will be indicated by an oily layer 
on the top of the water in the receiver. Alkali-rosin soaps easily 
resist a temperature of 220°. The distillate consists of phenols alone 
in the case of lysol; of phenols and tar hydrocarbons in the case of 
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creolin, mixed with the water; and the simplest way of separating them 
is to extract the whole with benzene, remove the aqueous portion, and 
estimate the phenols themselves with sodium hydroxide. With prod- 
ucts of known composition the method has given results usually 0.5%, 
but occasionally 1.0%, below the theoretical, and it is therefore accurate 
enough for ordinary work. 
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The substitution of 2 hydrogen atoms in benzene by hydroxyl will 
give rise to 3 isomeric forms, exactly analogous in structure to the 
xylenols and cresols described in the preceding pages. 


HO HO HO 
4 SHO Aon vias 
nea A ea SZ 
HO 
Catechol, Pyrocatechin Resorcinol, Resorcin Hydroquinone, Quinol 
(ortho-; 1-2) (meta-; 1-3) (para-; 1-4) 


All 3 forms are known. They were originally obtained from natural 
products by destructive distillation, but are now mostly prepared by 
synthetic methods from benzene. When the mono-halogenphenols 
(e. g.. Co6H,CIOH), phenolsulphonates, or benzene-disulphonates 
are fused with potassium hydroxide, the corresponding dihydroxy- 
benzene is usually obtained, but the reaction is sometimes irregular, the 
meta-form being often produced when one of the isomerides is expected. 
The nature of the reactions is shown by the following equations: 

Co6H,1(OH) + K(OH)=C.6H,(OH).+ KI, © 
C.H,(OH)SO,K+ K(OH)=C.6H,(OH).+ K,SO,, 
C.H,(SO,K), +2K(OH)=C.H,(OH),+2K,50,. 

If the temperature be high, resorcinol is always obtained, as it is” 
more stable than its isomers. The 3 dihydroxybenzenes are volatile 
crystallisable bodies, readily soluble in water, alcohol, and ether, and 
_ extracted from their aqueous solutions by agitation with ether. They 
form ethers when their hydrogen is displaced by alkyl-radicals, and 
resemble glycols in many respects. The following table shows the 
chief distinctions between them. In addition to the reactions given, 
resorcinol is characterised by its behaviour, with nitric acid, bromine, 
bleaching powder, and phthalic anhydride (see pages 337 and 338). 
_ Catechol and quinol exert marked reducing action at ordinary tem- 
_ peratures; resorcinol only at the b. p. of water. 
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The homologues of the dihydroxybenzenes have as yet little im- 
portance. 6 dihydroxytoluenes are possible, of which the following 
four are best known: 


CH, Che CH, HO 
saan we ‘ 7 ~\HO ZeXCH: 
| | 
| : | | | | 
pee Ser RO SoA aed 
HO HO HO 
Orcinol, Orcin Homocatechol Isorcinol Toluhydroquinone 
(1-3-5) (1-3-4) (1-2-4) (1-4) 


In toluhydroquinone the methyl group may be assumed to be at 
either 2, 3, 5, or 6, without changing the stereochemic relations. The 
methyl ether of homocatechol, C5H,(OCH,)(CH,)(HO), is known as 
creosol (not to be confounded with cresol) and is found in beechwood 
tar (see page 350). 


Resorcinol. Resorcin. Metadihydroxybenzene. 


Resorcinol was originally obtained by the action of fused alkalies 
on certain resins, and subsequently by their action on metaiodo- 
phenol. It is now manufactured on a large scale by heating sodium 
hydroxide to about 250° with sodium metabenzenedisulphonate. 
The fused mass is allowed to cool, dissolved in water, and the solution 
acidified. From the solution, the resorcinol is extracted by agitation 
with amyl alcohol and purified by distillation under reduced pressure. 

Resorcinol crystallises in rhombic prisms from water, alcohol, and 
ether, but in needles from benzene. The crystals gradually become 
pink, and appear phosphorescent when struck or rubbed in the dark. 
The odour is peculiar and the taste sweetish bitter. Fuming sulphuric 
acid dissolves resorcinol to an orange-red solution, which gradually 
darkens, becomes greenish-blue and then pure blue, and changes to 
purple-red on gently warming. 

On adding bromine water to an aqueous solution of resorcinol, 
tribromoresorcinol, C6HBr,(OH),, is thrown down as a white floc- 
culent precipitate consisting of crystalline needles, closely resembling 
tribromophenol. Resorcinol does not react with the usual indi- 
cators of neutrality, but with Poirrier’s blue, C4B, it behaves like 
a dibasic acid. 

With hypochlorites resorcinol gives a violet, catechol an evanescent 
green, and quinol slowly develops a yellowish-red colouration. 

Vou. III.—22 
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When treated with excess of nitric acid, resorcinol is converted into 
a trinitroresorcinol, CsH(NO,);(HO)., 2:4:6. This body, formerly 
called styphnic or oxypicric acid, forms sulphur-yellow hexagonal 
crystals, melting at 175°. It closely resembles picric acid, except that 
it is astringent instead of bitter. 

A solution of resorcinol, mixed with cupric sulphate and sufficient 
ammonium hydroxide to redissolve the precipitate first produced, 
yields a deep black liquid with which wool and silk may be dyed black. 

Edlefson has observed that if a few drops of a 1% solution of resor- 
cinol be added to a dilute, freshly-prepared, aqueous solution of @-naph- 
thaquinone, and followed by a few drops of ammonium hydroxide, 
a dark bluish-green liquid is formed, from which ether does not ex- 
tract the colour; but if sufficient nitric acid be added to produce an 
acid reaction, a red liquid is produced, from which the colour is ex- 
tracted by ether or chloroform. Watson Smith (J. Soc. Chem. Ind., 
1886, 580) has confirmed these statements, and noted also that 
phenol, a-naphthol and ~-naphthol do not give similar reactions. 

When resorcinol is heated with excess of phthalic anhydride to about 
200° for half an hour, the mixture acquires a yellowish-red colour, and 
contains the resorcinolphthalein or fluorescein, C,,.H,,O;. If the melt 
be dissolved in dilute sodium or ammonium hydroxide, the presence of 
resorcinol becomes apparent by the production of a dark red solu- 
tion changing on dilution to reddish-yellow and yellow, and ex- 
hibiting after dilution a fine yellowish-green fluorescence, which is 
visible in solutions so weak as to appear colourless by transmitted 
light. On acidulating the solution and agitating with ether the fluo- 
rescein is taken up, and will be again dissolved on agitating the ethereal 
solution with soda.- When similarly treated, phloroglucinol yields a 
yellow and pyrogallol a blue liquid, neither of which is fluorescent. The 
blue colour due to pyrogallol may be destroyed by cautious addition 
of potassium permanganate, which acts only slowly on the fluorescein. 
Catecholphthalein, formed by gently heating catechol with phthalic 
anhydride and a little sulphuric acid, dissolves in alkaline hydrox- 
ide solution with fine blue colour. Quinizarin, formed in a similar 
manner, dissolves in alkalies with violet-blue colour, and if the 
solution be acidified with sulphuric acid it becomes red, and the 
quinizarin may be extracted by agitation with ether and recovered from 
the ethereal solution by shaking with sodium hydroxide solution, which 
acquires a violet-blue colour. 
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Other properties and reactions of resorcinol are described on page 
336. 

When resorcinol is fused with excess of sodium hydroxide, phloro- 
glucinol and some diresorcinol are produced. 

Commercial resorcin usually contains from 92 to 94% of resor- 
cinol, the remainder being chiefly phenol and tarry matters. A purer 
product is furnished for medicinal purposes. The solution in ro parts 
of water should be colourless (empyreumatic impurities import a 
yellow tint), neutral to litmus, and should evolve no odour of phenol on 
warming. ‘The solid should leave no residue on ignition. 

According to the German Pharmacopceia, if 0.05 grm. of resorcinol 
be warmed with o.1 grm. of tartaric acid in 10 drops of sulphuric acid, 
a dark carmine-red colouration is produced. 

Resorcinol has marked antiseptic properties, and has been em- 
ployed in medicine, but its chief value is derived from the numerous 
colouring matters obtainable from it. 

Picrol is a trade-name for potassium diiodoresorcinolmonosulphonate, 
C.HI,(SO,H)(OH),. It contains 52% of iodine, and is said to be 
powerfully antiseptic and not very poisonous. 

Quinol. Hydroquinone. p-dihydroxybenzene, 1:3. (See also 
page 336). 

Quinol may be prepared by the methods indicated on page 336, but 
is more conveniently obtained by oxidising aniline with chromic acid 
mixture and reducing the resultant quinone, Cs>H,O, with sulphurous 
acid. 

Quinone, C,;H,O., is a product of the oxidation of a great number of 
substances of the aromatic para-series. It is best prepared by dis- 
solving 1 part of aniline in 8 parts of sulphuric acid and 30 parts of 
water, and adding 31.5 parts of powdered potassium dichromate. 
The liquid is allowed to stand for some time at the ordinary tempera- 
ture, and is then warmed to about 35°. The quinone is extracted by 
ether or petroleum spirit. 

Quinone crystallises with great facility from petroleum spirit in fine 
yellow needles or prisms which melt at 115.7°, but sublime readily at 
the ordinary temperature. Quinone has a peculiar, characteristic 
odour, and the vapour is very irritating both to eyes and nose, but the 
substance does not appear to be poisonous when taken internally. It 
dissolves moderately in cold water, very readily in boiling water and 
alcohol, and volatilises easily with steam. 
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Quinone liberates iodine from potassium iodide, and acts otherwise 
as an oxidising agent of moderate power. By sulphites, stannous 
chloride, and similar reducing agents it is converted into quinol. 

Quinone can be estimated with accuracy, in the absence of other 
oxidising agents, by treating the solution with dilute hydrochloric acid 
and excess of potassium iodide, and titrating the liberated iodine by 
standard solution of sodium thiosulphate. 

An extremely delicate reaction of quinone consists in adding to the 
dilute solution a few drops of a saturated solution of hydrocoerulignone, 
C,,H,(OCH,),(OH),. The liquid immediately acquires a yellowish- 
red colour, which rapidly becomes deeper, and steel-blue, iridescent 
needles of coerulignone separate out. 

By the action of a mixture of hydrochloric acid and potassium 
chlorate, or of other powerful oxidising agents, quinone is converted 
into tetrachlorquinone, or chloranil, Cs6Cl,O,. The same substance, 
mixed with trichlorquinone, Cs>HC1,O,, is obtained by the action of 
hydrochloric acid and potassium chlorate on phenol, aniline, etc. 
Chloranil crystallises in golden-yellow plates or prisms, soluble in 
boiling benzene and moderately soluble in ether; but only slightly 
soluble in alcohol, and insoluble in water. Chloranil sublimes readily 
at about 200° and melts at a higher temperature. It is not attacked 
by strong sulphuric acid, nitric acid, or aqua regia. It is converted 
by reducing agents into colourless tetrachlorquinol. Chloranil is used 
in the colour-industry asan oxidising agent, as for converting dimethyl- 
aniline into chloranil violet. 

Quinol has received a limited application in medicine. Its chief 
use is a developer in photography. 


Catechol. Pyrocatechin. Orthodihydroxybenzene. 


(See also page 336.) 

Catechol is produced by the action of heat on protocatechuic acid, 
and on tannins and other bodies allied to it. It also results from the 
action of an excess of fusing potassium hydroxide on ortho-phenol- 
sulphonic acid, C6H,(SO,H)OH. 

Catechol is conveniently prepared from the fraction of beechwood- 
tar creosote boiling between 200° and 205°, which consists essentially 
of guaiacol or catechol methyl-ether. On heating this to the b. p., and 
passing in hydriodic acid gas as long as methyl iodide distils over, 
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catechol is produced and may be purified by fractional distillation and 
crystallisation from benzene. The reverse action is employed for pro- 
ducing guaiacol from catechol, which is now made on a considerable 
scale. 

Catechol forms short, square prisms or thin, pearly plates, resem- 
bling benzoic acid. It sublimes readily and condenses in brilliant 
lamine. The taste is bitter, and the fumes are pungent and excite 
coughing. Catechol differs from resorcinol in not volatilising appre- 
ciably in a current of steam. 

The aqueous solution of catechol rapidly turns brown. 

Catechol forms unstable compounds with bases. With lime-water 
an aqueous solution of catechol gives a reddish or brown colour, but 
the solution remains clear for some time. Alkali hydroxides behave 
similarly to lime-water, the solution becoming, in succession, green, 
brown, and black. Catechol is not precipitated by gelatin or alkaloids. 
With lead acetate it yields a white precipitate, which is easily soluble 
in acetic acid. Catechol reduces silver nitrate at ordinary tempera- 
tures and Fehling’s solution on warming. 

An aqueous solution of catechol gives no reaction with ferrous salts. 
With ferric chloride, avoiding excess, it gives a grass-green colouration, 
which on addition of acid sodium carbonate is changed to a fine violet- 
red, not much altered by boiling, but restored to green on the cautious 
addition of sodium hydroxide. (These reactions distinguish catechol 
from pyrogallol.) Pine-wood moistened with hydrochloric acid 
mixed with a solution of catechol acquires a violet-blue colour. Phloro- 
glucinol gives a similar reaction. 

The aqueous solution of catechol is neutral to litmus, but on addition 
of borax the liquid shows a marked acid reaction and acquires the 
power of decomposing carbonates. Pyrogallol and tannates and- 
gallates of the alkali metals behave similarly. All these bodies belong 
to the ortho-series. Resorcinol, quinol, and orcinol, which contain 
hydroxyl-groups in the meta- or para-positions, do not form acid 
solutions on addition of borax.t . 

By treatment with sulphuric acid, catechol is converted into mono- 
or disulphonic acids, according to the temperature and the strength of 
acid employed (H. Cousin, Comp. rend., 117 (1893), 113). 


1 The thermo-chemical experiments of Berthelot and Werner have shown that, in case 
of polyphenols containing two hydroxyl groups in the ortho-position, one of these has an 
alcoholic and not a phenolic function, and this fact is related to the power of forming a 
conjugated acid with borax. (See Comp. rend., 108 (1889), 1016, and J. S. C., 1889, 845, 
864.) 
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Homocatechol or Methylcatechol occurs as a methyl-ether in 
wood-tar creosote, and may be obtained therefrom by boiling with 
hydrobromic or hydriodic acid. Homocatechol is a syrupy liquid, 
which dissolves readily in water, alcohol and ether, but not in benzene 
(distinction from catechol). It reduces silver nitrate and Fehling’s 
solution in the cold. With ferric chloride, homocatechol gives a green 
colouration, which is changed to reddish-violet on cautious addition of 
ammonia or sodium hydrogen carbonate. 

By treatment with strong sulphuric acid, homocatechol yields a 
sulphonic acid. No disulphonic acid is obtainable. 

Ethers of Catechol and Homocatechol.—By suitable means 1 or 
both the hydrogen atoms of the hydroxyl-groups of catechol and 
homocatechol can be replaced by alkyl-radicals. Thus, the following 
methyl ethers can be obtained: 


Catechol. Homocatechol. Methylcatechol. 
OH OH 
CoH, { OE CoH,;(CH;) { Be 
Methyl catecholate. Catechol methyl- | Methyl homocatecholate. Homocate- 
ether. Guaiacol. ; chol methyl-ether. Creosol. 


H 
CoH, OH 3 CoH; (CH) { Ree 
Dimethyl catecholate. Catechol di- | Dimethyl homocatecholate. Homo- 
methyl-ether. Veratrol. catechol dimethyl-ether. 
OGH OCH, 
CoH { 3 L, -GHace { 3 
4 | OCH, | sH3(CH;)) OCH,. 


Guaiacol, creosol, and homocatechol dimethyl-ethers from the 
greater part of the fraction of beechwood-creosote boiling between 
200° and 220° (see page 350). Veratrol is also very probably present. 
The dimethyl-ethers shown above can be prepared from guaiacol and 
creosol, respectively, by dissolving these bodies in a strong solution of 
potassium hydroxide in methyl alcohol and boiling with methyl iodide. 
They are distinguished from the monomethyl ethers by their insolu- 
bility in aqueous solutions of alkali hydroxides, and by giving no green 
or blue colouration with ferric chloride. Both the mono- and di- 
methyl ethers can be demethylated by heating them with excess of a 
halogen-acid, catechol and homocatechol being thereby formed. 

OCH, 


“HO. 
Guaiacol. Methyl catecholate. Catechol methyl ether, | | 


rs 
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This substance has attracted much attention on account of its 
vogue as a remedy in tuberculosis. It is prepared from beechwood 
creosote by treating the fraction which distils between 200° and 205° 
with an alcoholic solution of potassium hydroxide by which potassium 
guaiacol is formed, and this is converted into guaiacol by the action of 
dilute acids. Guaiacol may also be prepared by several synthetic 
methods, as when catechol (1-2 dihydroxybenzene) is heated with 
equivalent quantities of postassium methyl sulphate and potassium 
hydroxide or sodium hydroxide. The action is: 


Co6H,(OH). + K(CH,;)SO,+ KOH =CsH,(OCH;)(OH) + K.SO,+H,0. 


W. Kelle (Watson Smith, J. Soc. Chem. Ind., 1898, 314) has devised 
a process for the production of guaiacol depending on the diazotising 
of 1-2 anisidine [methoxyaminobenzene, C>H,(OCH,)(NH,)] in 
the presence of excess of diluted sulphuric acid, after which the solu- 
tion is run into a quantity of stronger sulphuric acid containing sodium 
sulphate, heated to 140°. The guaiacol is distilled as fast as formed 
by blowing steam through the liquid. The product is distilled at 
about 200° and the distillate crystallised on cooling. The reactions 
are: 


OCH, OCH, 
aa NTL, / \N:NHSO, 
| |  +NaNO, + 2H,SO, = | | + NaHSO, + 2H,O 
Wa a2 
1—2-Anisidine. 1-2-Methoxydiazobenzene sulphuric acid. 
OCH; OCH, 
/ \N:NHSO, 7 SOF 
| tl Ou | | + H,SO, +N, 
Se Dg 


Pure guaiacol was formerly described as a liquid, but was obtained 
by Béhal and Choay (Comp. rend., 116 (1893), 197) as a white solid, 
which, when crystallised from petroleum spirit, is obtained in hard, 
uniaxial, dihexagonal prisms. Guaiacol melts at temperatures vari- 
ously stated at 28.5° to 33°, and boils at 204° to 205°. When melted, 
guaiacol remains indefinitely in a state of super-fusion, and may even 
be cooled to —2° without solidifying; but on addition of a crystal of the 
solid substance the whole immediately crystallises, the temperature ris- 
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ing to 27°. The sp. gr. of liquid guaiacol ato°is1.1543, andat15° from 
1.143 to 1.149. Guaiacol is only slightly soluble in water, but dis- 
solves readily in most organic solvents, including absolute, but not 
aqueous, glycerol. It is also soluble in solutions of alkali hydroxides, 
and with an alcoholic solution of potassium (not sodium) hydroxide 
forms a crystalline mass of the potassium derivative. The same 
compound speedily separates on mixing equal measures of guaiacol 
and aqueous potassium hydroxide solution of 1.3 sp. gr. Impure 
guaiacol, even if containing 70% of the real compound, remains liquid 
under the same conditions. According to A. Trillat (J. Soc. Chem. 
Ind., 1892, 1028) if 4 c.c. of guaiacol be shaken with ro c.c. of milk 
of lime containing 0.1 grm. of lime, colourless crystals of a calcium 
derivative are formed. 

Guaiacol has a sweet taste, and when placed on the tongue melts 
and produces a feeling of intense astringency, but it is without action 
on the mucous membrane. 

According to P. Marfori, the physiological action of guaiacol is 
analogous to that of phenol or catechol, and it is eliminated from 
the system in a similar condition, but it is less poisonous than these 
bodies. Guaiacol has received an extensive application in medicine 
as a substitute for creosote in the treatment of phthisis, especially in 
the earlier states. 

When treated in aqueous solution with ferric chloride, guaiacol 
gives a brownish turbidity; but if ferric chloride (avoiding excess) 
be added to a 1% solution of guaiacol in alcohol, a fine blue coloura- 
tion is obtained, rapidly changing to green and yellow. 

The following tests for guaiacol are given in the United States 
Pharmacopceia. 

A colourless, crystalline solid, melting at 28.5° (83.3° F.), or a 
colourless, refractive liquid, boiling at 205° (401° F.), having an 
agreeable aromatic odour. 

Sp. gr. of liquid, 1.140 at 25° (77° F.). 

Soluble in 53 parts of water at 25° (77° F.), and in alcohol and ether 
in all proportions; soluble in acetic acid and in 1 part glycerin. 

The addition of ferric chloride T. S., to an alcoholic solution of 
guaiacol (1 in too) causes an immediate blue colour, changing to 
emerald-green, and finally becoming yellowish. 

If 2 c.c. of guaiacol be shaken with 4 c.c. of petroleum benzin, the 
mixture should separate, on standing, into 2 distinct layers. Tur- 
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bidity or failure to separate into layers indicates the presence of 
impurities. 

r c.c. of guaiacol should dissolve in 2 c.c. of sodium hydroxide 
T. S., when-heated, and, on cooling, the mixture should congeal toa 
white mass. Colouration or failure to congeal indicates the pres- 
ence of impurities. The white mass thus obtained should form a 
clear solution with 20 volumes of water (turbidity indicates oily 
hydrocarbons). 

r c.c. of guaiacol, when added to 10 c.c. of concentrated sulphuric 
acid, should develop a pure yellowish colour in the liquid (a reddish 
colour indicating creosote). 

The estimation of guaiacol is described under ‘‘Wood-creosote.”’ 

Commercial guaiacol is of very variable quality, some specimens 
being stated to contain not more than 30% of the pure substance, 
but good samples contain fully 90%. Inferior samples have a low 
sp. gr.—e. g., 1.046—but those rich in guaiacol have a gravity ap- 
proaching that of the pure substance. Pure guaiacol requires 8 
times its measure of cold petroleum spirit for solution, but many 
commercial specimens are soluble in 4 measures or even less. 

According to Marfori (Gassetta, 20 (1890), 537), the solubility 
of guaiacol in water is notably reduced by the presence of impurities. 
Heated with chloroform and solid potassium hydroxide, pure guaiacol 
gives a purple-red colouration, while the impure product gives a less 
marked reaction. Marfori states that the pure substance gives with 
concentrated sulphuric acid a stable purple red colouration, while the 
least impurity detracts from the purity of the colour formed. On the 
other hand, some observers state that pure guaiacol gives no colour, 
or only a slight yellow, with cold strong sulphuric acid. 

A number of compounds have been made synthetically for admin- 
istering guaiacol so as to carry it unchanged through the stomach. 
Guaiacol carbonate is one of these compounds. 

Guaiacol-carboxylic acid, C6H,(OCH,)(OH)COOH, is obtained 
by saturating sodium-guaiacol with carbon dioxide under pressure, 
and decomposing the product with hydrochloric acid. It crystal- 
lises with 2H,O. The anhydrous substance melts at 148° to 150°, 
and decomposes into guaiacol and carbon dioxide at a higher tem- 
perature. It gives a blue colouration with ferric chloride. 

Benzoyl-guaiacol, or Guaiacyl Benzoate, CeH,(OCH,)OCOC.H;.— 
This compound, also called ‘‘ Benzosol,” is obtained by the reaction 
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of potassium-guaiacol and benzoyl chloride at 100°, or by the direct 
action of benzoic anhydride on guaiacol. It forms small colourless 
crystals melting at 50°, almost insoluble in water, sparingly soluble 
in glacial acetic acid, and readily soluble in hot alcohol, ether, or 
chloroform. 


CREOSOL. 
CH; 
TON 
Homocatechol Methyl Ether, | 
OME 
me 4 
OH 


This substance is homologous with guaiacol, and occurs in the 
fraction of beechwood creosote boiling at about 220°. When freshly 
distilled, it is a colourless liquid, having a pleasant odour of vanilla, 
especially when dilute. It dissolves in aqueous alkalies, and with a 
strong solution of- potassium hydroxide in alcohol sets to a mass of 
needles of the potassium compound, CgsH,O. OK+2H,0O. A solution 
of creosol yields a metallic mirror when warmed with silver nitrate, and 
gives a green colouration with ferric chloride. Creosol differs from 
guaiacol in its higher b. p. (219°), in not crystallising, and in its greater 
solubility in petroleum spirit. In its therapeutic effects creosol ap- 
pears to present a close resemblance to guaiacol. 

Creosol methyl ether, or dimethyl homocatecholate, C>5H,(CH,): 
(OCH,),, also occurs in beechwood creosote. It boils at 218°, gives 
no colouration with ferric chloride, and is insoluble in aqueous solutions 
of alkali hydroxides. 


CREOSOTE AND CREOSOTE OILS. 


The name “‘kreosot”’ was first applied by Reichenbach, in 1832, to 
the characteristic antiseptic principle contained in wood-tar (C. Rice, 
Amer. Jour. Pharm., 1894, 167). Carbolic acid was discovered soon 
after by Runge in coal-tar, and was long confused with the wood-tar 
principle; and the crude carbolic acid from coal-tar is still known as 
‘‘coal-tar creosote.”” Somewhat similar products are now obtained from 
other sources, so that much confusion has arisen. The term “creosote,” 
when used without qualification, ought to be understood as signify- 
ing the product from wood-tar, but it is better to describe Reichen- 
bach’s substance as ‘‘wood-tar creosote,” and employed the un- 
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qualified word “‘creosote” in a generic sense as meaning the mixed 
phenols and phenoloid bodies obtained from wood-tar, coal-tar, blast- 
furnace tar, shale-oil, bone-oil, or other sources. The term “‘creo- 
sote” should be restricted to the phenolic derivatives from the above or 
similar sources, the crude products from which they are derived being 
the corresponding ‘“‘creosote oils.” Some of these products differ 
materially in their chemical and physical characters, from the creosote 
from either wood- or coal-tar. These maybe separated approximately 
from the accompanying neutral and basic oils by treating the fraction 
boiling between 170° and about 300° with potassium or sodium 
hydroxide, and then mixing the alkaline solution with a slight excess of 
dilute sulphuric acid, when the phenols are separated and form an oily 
layer of ‘‘creosote.”’ 


Wood-tar Creosote. 


Wood-tar creosote is usually obtained by distilling beechwood 
tar, and treating the fraction heavier than water with diluted 
sodium hydroxide solution. The alkaline solution is separated 
from the insoluble oily layer, boiled with contact of air to oxidise 
some of the impurities, and decomposed by diluted sulphuric 
acid. The crude creosote which separates is purified by re-solution 

‘in alkali and re-precipitation with acid, and is then redistilled, 
the fraction passing over between 200° and 220° constituting purified 
creosote. 

Virgil Coblentz (J. Soc. Chem. Ind., 21, 1431 (1902)) says that a 
good quality of beechwood creosote is not often met with upon the 
market. E. Gane is quoted to the effect that the majority of com- 
mercial wood creosotes consist either of low- or high-boiling products 
with very little or no guaiacol. Impure phenol (carbolic acid) is 
supplied under the misleading title ‘‘creosote” or ‘‘coal-tar creosote.” 
In Massachusetts an analyst reported that 40% of the samples sold as 
creosote were impure phenol. 

Wood-tar creosote is a strongly refracting liquid which is colourless 
when freshly distilled, but acquires a yellow or brown ‘colour on 
keeping. It has a peculiar, persistent, smoky, aromatic odour, distinct 
from that of phenol. The sp. gr. ranges between 1.040 and 1.087. 
Wood creosote is not solidified by moderate cold. It is a powerful 
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antiseptic, but does not coagulate albumin. It preserves animal mat- 
ters without causing disintegration as phenol is liable to do, and is less 
powerfully caustic than that substance. 

Wood-tar creosote is only slightly soluble in water, but is with 
difficulty rendered anhydrous. Like absolute phenol and cresol, 
it is miscible in all proportions with alcohol, ether, glacial acetic acid, 
chloroform, benzene, and carbon disulphide. It dissolves in concen- 
trated sulphuric acid to a red liquid, which slowly changes to purple- 
violet. Shaken with concentrated hydrochloric acid in the absence of 
air, wood-creosote becomes red, the colour changing in contact with 
air to dark brown or black. Wood-creosote is violently attacked by 
nitric acid. With bromine water it forms a derivative of a reddish 
colour. 

Wood-creosote is une in solutions of caustic alkalies, and forms a 
crystalline compound with potassium hydroxide, but not with sodium 
hydroxide. 

The United States Pharmacopceia furnished the following with 
respect to creosote. 

Creosotum.—An almost colourless, yellowish (not pinkish), highly 
refractive, oily liquid, having a penetrating, smoky odour, and a burning, 
caustic taste; it should not become brown in colour on exposure to 
light. 

Sp. gr. not below 1.072 at 25° (77° F.). 

Its solution in about 140 parts of water at 25° (77° F.) is not per- © 
fectly clear. With 120 parts of hot water it forms a clear liquid, 
which, on cooling, becomes turbid from the separation of minute oily 
drops (distinction from, and absence of, both phenol and so-called 
“coal-tar creosote”’). The filtrate from these separated oily globules 
yields a reddish-brown precipitate with bromine T. S. (distinction 
from phenol and so-called coal-tar creosote, both of which yield white 
precipitates). Soluble in all proportions in absolute alcohol, ether, 
chloroform, carbon disulphide, acetic acid, and fixed and volatile 
oils. 

When distilled, most of it comes over between 200° and 220° (392° 
and 428°F.). When cooled to 20° (—4° F.), it becomes gelatinous, but 
does not solidify (difference from phenol). It is inflammable, burn- 
ing with a luminous, smoky flame. 

Creosote is neutral or only faintly acid to litmus-paper. 

On stirring together equal volumes of creosote and collodion in 
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a dry test-tube, no permanent coagulum should form (difference 
from phenol and so-called ‘‘coal-tar creosote,” and limit of the 
former). 

If 1 volume of creosote be mixed with 1 volume of 95% glycerin, a 
clear mixture will result, from which a creosotic layer, equal to or 
greater in volume than the creosote employed, will separate on the 
addition of 1/4 volume of water (difference from, and limit of, 
phenols). . 

On adding to 10 c.c. of a saturated aqueous solution of creosote 
1 drop of ferric chloride T. S., the liquid develops a clear violet-blue 
colour, which is very transient; it then clouds almost instantly, the 
colour passing rapidly from a greyish-green into a muddy-brown, with 
finally the formation of a brown precipitate (difference from phenol 
and so-called “‘coal-tar creosote, and limit of the former). 

If 1 c.c. of creosote be mixed with 1o c.c. of a solution of potassium 
hydroxide in absolute alcohol (1 in 5), a solid crystalline mass will 
form (difference from phenol and so-called “‘coal-tar creosote,” and 
limit of the former). 

On mixing 2 c.c. of creosote with ro c.c. of normal sodium hydroxide 
V. S., a clear,.pale yellow liquid results, which remains unclouded on 
cooling with 50 c.c. of water (absence of neutral oils). 

If 1 c.c. of creosote be cautiously and gently shaken with 2 c.c. 
of petroleum benzin and 2 c.c. of freshly prepared barium hydroxide 
T. S. until a uniform mixture is produced, upon complete separation 
3 distinct layers are visible, the middle one of which contains the 
creosote, unaltered in appearance; while the petroleum benzin should 
not be blue or muddy, and the aqueous layer should not have acquired 
ared tint (absence of coerulignol and some other high-boiling constit- 
uents of wood-tar). 

Wood-tar creosote is a complex mixture of phenoloid bodies, the 
proportions of which differ according to the modes of distillation and 
purification. It may be regarded as composed of a mixture of bodies 
belonging to several homologous series, but chiefly of methylic ethers 
of catechol (pyrocatechol) and its homologues. Asbolin, a syrupy 
liquid, obtained by Braconnet from the soot formed by burning wood, 
has been shown by Béhal and Desoignes to be a complex mixture, con- 
taining catechol and homocatechol as leading constituents. Thus, 
the presence of the following bodies has been established: 
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Name Formula ls Ba Dae 
Monohydric Phenols | 
Ie Oliatmegeycte ears psec encneReist ise sala 6 piprectys | CoH,(OH 182 
Rresolsu(i=25 I-35 61x4)eerciseiiasiale neces CoH, (CH;)OH 203 
Xylenols, phlorols (1-3-4, I-3-5).....-.--.| | CoH; (CH;), OH 220 
IE rnohiy eyelateiatell (ik) ore Oath co ge beicion ge Sor | CoH, (C,.H;)OH 203 
Ethers of Dihydric Phenols ee | 
Guaiacol, methyl catecholate..............| CoH, { OH 3 200 
Creosol, Methyl homocatecholate.......... _ CoH3(CH3) oO ss 219 
Dimethyl homocatecholate................ | Co6H;(CH;)(OCH,), | 214 to 218 
Methyl creosol, dimethyl-guaiacol......... | C6H.(CH3). (On foe. | po. 
Pifliy} puaiacol (Beg). ds neues sos ae oe | CeH,CsH, a Bee  actoncouilaee 
| | 
Propyl-guaiacol, cerulignol................| C6H3(C;H,) ton er 241 
Ethers of Trihydric Phenols | 
{ OCH, 
Winneraylepycrocallatera.r1 + ees nl er: | CeH.4 OCH: 253 
OH 
VOCE. 
Dimethyl methylpyrogallate............... |. C6H.(CH3) Pee OCH, 265 
{ OCH; | 
Dimethyl propylpyrogallate..........4.... | CoH. (C,H) 108 OCH, 285 
VWOGH. 
Methyl propylpyrogallate. 22... s2.. 2) he C6H.(C3H,) | OH 290 
OH 


Béhal and Choay (Abst. J. Chem. Soc., 1894, 508) have reported the 
presence of a sulphur-derivative, probably a thiophenol, in beech- 
and oak-tars; also a substance, distinct from pittacal, which, under the 
joint influence of ammonium hydroxide and air, yields a substance 
that produces with alkali an intense blue solution, changed to red on 
acidifying. Phenol is present in genuine wood-tar creosote in very 
small quantity, the cresols in somewhat larger, and the xylenols in 
sensible proportions; but the 2 chief constituents are guaiacol and 


CREOSOTE AND CREOSOTE OILS, 351 


creosol. In Rhenish creosote, guaiacol predominates, but a sample 
of Morson’s creosote from ‘‘Stockholm tar,” examined by the author, 
boiled at about 217° and consisted chiefly of creosol. Dimethyl- 
guaiacol and propyl-guaiacol are present in but insignificant propor- 
tions, but the latter body is highly objectionable, since a single drop 
causes bleeding when placed on the tongue. Hence purified creosote 
should be absolutely free from this constituent, the presence of which 
may be recognised by the blue colouration produced with baryta- 
water. 

The solubility of the constituents of creosote in alkalies decreases 
as the molecular weight increases, and with the number of hydroxyl 
groups substituted. Thus, methyl pyrogallate dissolves in a weak 
solution of sodium hydroxide, dimethyl pyrogallate, in a strong solution 
thereof, while trimethyl pyrogallate is insoluble in the cold alkali. 
Similarly, dimethyl homocatecholate, which constitutes the greater 
portion of the fraction of beechwood creosote distilling between 210° 
and 220°, is insoluble in aqueous solution of sodium hydroxide. 

The following method may be employed for the separation of the 
phenoloid constituents of wood-creosote boiling between 195° and 240°, 
and might be used for the detection and estimation of coal-tar acids pur- 
posely added: The sample is dissolved in twice its measure of ether, 
and the solution shaken with a 5% solution of potassium hydroxide, 
which dissolves the phenolic substances. The alkaline liquid is sepa- 
rated, acidulated with hydrochloric acid, and shaken up with ether. 
The phenoloid oils obtained on evaporating the ethereal solution are 
distilled, mixed with half their volume of ether, and twice their volume 
of a saturated alcoholic solution of potassium hydroxide. Creosol 
and guaiacol are converted into crystalline potassium compounds, 
while the similar compounds of phenol and cresol remain in solution. 
The crystalline pulp is pressed through a cloth, the filrate evaporated, 
the residue treated with water, and the solution acidified with hydro- 
chloric acid. The liberated phenols are re-treated with ether and 
alcoholic potassium hydroxide, the process being repeated, if neces- 
sary, so long as crystals are deposited in the cold, when the phenols are 
once more liberated, and may be weighed, measured, or titrated with 
bromine. The crystals may be dissolved in water and the solution 
decomposed by hydrochloric acid, when the guaiacol, creosol, and 
higher homologues are liberated, and may be purified and separated 
by fractional distillation. (Tiemann and Koppe, Ber., 1881, 2005.) 
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The less volatile fractions of crude wood-tar creosote have been 
found by A. W. Hofmann to contain the methylic ethers of pyrogallol 
and its homologues. These bodies derive their chief interest from the 
remarkable colouring matters (originally discovered by Runge) which 
can be derived from them by oxidation. Thus, if the sodium dimethyl 
pyrogallate (prepared by adding sodium hydroxide to an alcoholic 
solution of dimethyl pyrogallate) be mixed with the sodium dimethyl 
methylpyrogallate and excess of sodium hydroxide, and heated in the 
air, a body called eupittonic acid is formed according to the following 
equation: 


2CsH,.0,+CoH1,0,+0;=CarsH.60+3H.0. 


On oxidising the pyrogallic ethers from wood-tar creosote with more 
powerful reagents than atmospheric air, such as dilute chromic acid 
mixture, they are converted into quinones. ‘Thus, dimethyl pyro- 
gallate yields coerulignone, C,6H,5O6, a substance which is identical 
with Reichenbach’s ‘‘cedriret.” . 

Beechwood oil is of very variable composition. The following 
results were obtained by Allen, in 1891, in the examination of 2 
representative samples: 


No. 1 | No. 2 

SS ee PU Pg: Suey inves YS satis ono, vueteyeys I.0210 I .0130 
ral tralowiDepne svt «8 ketones ain eas ae aR rw II0° 120° 
Distillation comimenced ato... css... -62 1.0. 120° 140° 
Wistillatesbelow @Es os nemkras «ove dyer ses 66% 12% 
Containing— 

WAC er Seed oa antag fuse cles nator octchsean lads 2% 1% 

ED OLOUI Sy sistage aio dies sie way Css ¥5 es nls hays sae 40% 4% 

Phenoloids in distillate above 315°....... _ traces \ 40% ar 167% 


The phenoloids extracted from the oils by caustic alkali had the 
following characters, the whole 16%-from No. 2 sample being mixed 
and examined together: 

These results present a striking contrast. Even including the 12% 
in the portion of the oil distilling above 315°, No. 2 yielded only 16% 
of phenols. The large proportion of water taken up by the phenols 
of No. 2 is remarkable. 
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No. 1 No. 2 
ay (AS ce 9 ARGON EA OOO cr ERS os 8 See ape | I.0686 I.0760 
ALE Ierecatterev estate's eG che cele nha peak ee Ns % | 12% 
UmniGia gS enD aoteysps ore, sce: fies ona tere ere ee rae | ror® 
Disiillatel pelos 2 20c.ehn tease tae 10 % (including | 15% (including 
Tatil Ae . 7% of ine 12% of Poe 
retilbenis AON ees eg qh eoomanantasacenss 32 25 
iD istillatespelow .240°e cle crricicl 12 Celene ae 52% 45% 
Distillate belowc2 5 Oganiie ie wae rete 67% 50% 
Distillatesbelow 200°... a.5..a<uiger. esate seek 76% 62% 
WDistilatompel Owe Ont reatiie Wiener anton: B20, — Sheik oeeseets ikea: 
Distillate below 28C° ae aismiincr ss ects eects 86% 75% 
Distillate sbelow, 200 orn sr sos jamiictosena dts 90% 76% 


Béhal and Choay (Compt. rend., 119 (1894), 166) give the following 
as the comparative composition of beechwood and oak creosotes, 
freed from hydrocarbons: 


Beech | Beech Oak 
Distillation temperature, °............] 200to 220 | 200to 210 | 200 to 210 
SSYOLT FETE ales ahead UNG ROE OO eae Ro 1.085 1.085 I .068 
INMFonophenolss:iwercracit sos evs erecta: 39.0 39.0 55 
(CHUETENCON I: a hstearc oe gener ys ete = ere ae UO )ay/ 26.5 14 
Creosols and homologues......°....... 40.0 eyjent 31 
GOSS erm iiir close versus eich xsi s sashci 5 Saietes RaQ PU We MeN armed osc hes cc 


In making the foregoing analyses, the heavy oil was acidified 
with hydrochloric acid and agitated with water to remove certain basic 
substances. The oily layer was then treated with sodium hydroxide, 
a very considerable quantity of water added (since concentrated alkali 
solutions of phenols dissolve a certain quantity of indifferent oils), 
the undissolved oil separated, the alkaline liquid shaken with benzene 
to remove traces of hydrocarbons, etc., and then treated with a current 
of steam until the distillate no longer smelled strongly. The phenols 
were then set free by hydrochloric acid, separated, the acid liquid 
agitated with benzene, and the phenols thus extracted recovered by 
evaporating off the benzene and added to the main quantity. 

From these results it would appear that the fraction of beechwood 
creosote distilling between 210° and 220° contains no guaiacol. Oak 
creosote contains less guaiacol and more monophenols than the beech- 
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wood product, and it is to the presence of these latter constituents that 
oak creosote owes its greater causticity. 

The following figures shows the results obtained by Allen, in 1891, 
by the examination of 4 typical samples of beechwood creosote as 
supplied by leading manufacturers: 


Hetial pet Dera os! a0. 
First drop 

Distillate below 207° 
Distillate below 209° 
Distillate below 210° 
Distillate below 213° 
Distillate below 215° 
Distillate below 216° 
Distillate below 217° 
Distillate below 218° 
Distillate below 219 
Distillate below 220 
Distillate below 221 
Distillate below 222 
Distillate below 223 
Distillate below 224° 
Distillate below 225° 
Distillate below 226° 
Distillate below 227° 
Distillate below 228° 
Distillate below 230° 
Distillate below 235° 


° 
° 
° 
° 
fo} 


distilled atte ere le 


SPU ehewccrise favs 


Behaviour with baryta water... 


Behaviour with alcoholic potash. 


Distinct 
reaction 
Solidified 


tion 
Solidified at 
once 


1.0778 
Slight pink 
colouration 
Solidified on 
standing 


These results indicate almost entire absence of guaiacol from A, 
B, and C, and almost entire absence of creosol also inthe case of B. 

A detailed analysis of beechwood creosote distilling between 200° 
and 210° is given by Béhal and Choay as follows: 


1—3- and 1—4-cresols 
1—2-ethylphenol 
I-3-4-xylenol 
I-3—-5-xylenol 
Phenols, various 


(GUalACOLI eso eerie cise Casket ene eee I en ee 


is) 
man AH NW 


w 


COKN0OBDXADH 


Ioo.o0 


According to this analysis, the proportion of guaiacol in beechwood 
creosote is much smaller than is usually stated. Allen’s results 
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(already given) obtained by distilling commercial creosote go generally 
to confirm the above figures, but show that the composition of the 
product is very variable. Fréyss states that commercial beechwood 
creosote contains from 3 to 30% of guaiacol, from 10 to 40% of creosol, 
and a very variable proportion of monophenols. 

Phenol is detected, according to M. E. Merklen (Zeits. Anal. Chem., 
1901, 40, 621-3), as follows: 4 c.c. of creosote are heated with 1 c.c. of 
ammonia to 60°. The mixture is spread over the surface of a large 
basin and subjected to the action of bromine vapour. If phenol is 
present, a blue colouration is obtained. Pure creosote gives a brown or 
green colour. 

In consequence of the large demand of recent years for guaiacol and 
its preparations, much of the wood-creosote now sold has been de- 
prived of its guaiacol, so that it is now rare to find specimens contain- 
ing even 20% of that constituent. 


Quantitative Wood-creosote. 


Béhal and Choay (Comp. rend., 116 (1893), 197) have devised a 
method for the estimation of guaiacol in wood-creosote, based on 
the following principles: 1. Treatment of the sample with hydro- 
bromic acid, whereby the methyl ethers of the polyphenols are com- 
pletely demethylated. Thus, guaiacol by such treatment yields 
catechol, and creosol gives homo- or methyl-catechol. 2. Distillation 
of the demethylated oil in a current of steam, whereby the monophenols 
(phenol, cresols, xylenols) are carried over and are thus separated 
from the polyphenols. 3. Extraction of catechol, homocatechol, and 
any traces of unvolatilised monophenols by ether. 4. Separation of 
catechol from homocatechol by treatment with benzene, which dis- 
solves the former substance only. The following are the working 
details of the process as modified by M. Adrian (Nouv. Rem., 13, 973 
Abst. J. Soc. Chem. Ind., 1897, 367): 100 grm. weight of guaiacol or 
creosote are placed in a flask of 250 c.c. capacity, connected on the one 
hand with another flask which serves as a generator of gaseous hydro- 
gen bromide (generated by the action of water on phosphorus tri- 
bromide) and on the other with an inclined reflux condenser. The 
exit-tube from the condenser leads the gas through 2 wash-bottles 
containing water. The delivery tube between the generator and the 
guaiacol is furnished with a large bulb to prevent aspiration of the 
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liquid when cooling. The gas is allowed to pass slowly through the 
guaiacol, which is gently warmed after the process has been in operation 
for half an hour, and éontinued for 90 minutes. It is then cooled, 
transferred to a large flask, diluted with 5 or 6 volumes of water, and all 
volatile bodies removed by steam distillation. When no more oily 
liquid comes over, the distillation is stopped, the catechol in the 
residual liquor extracted, together with homocatechol, by washing out 
with ether, the ether cautiously distilled off, and the residue dried. 
This is then treated with dry benzene, which extracts the whole of 
the catechol produced by demethylation of the guaiacol originally 
present, leaving the homocatechol undissolved. From the solution 
of benzene the catechol is crystallised out and weighed. Care 
must be taken at the end of the process to avoid the least trace of 
moisture in the residue and in the solvent, or crystallisation will not 
take place; and even with perfectly dry benzene the mother-liquor 
must be concentrated and the catechol which crystallises out added to 
the main quantity. 

The monophenols which distil with steam are separated by Béhal 
and Choay by fractionation and subsequent conversion into benzoates 
The methyl] derivatives of the diphenols are separated by precipitation 
with strontium hydroxide, the precipitate being decomposed by hy- 
drochloric acid. They are then fractionated, and, if necessary, con- 
verted into carbonates’ by carbon oxychloride, and further separated 
by fractional crystallisation. 

L. F. Kebler (Amer. Jour. Pharm., 1899, 409) has described the 
following process of estimating guaiacol in creosote: 5 c.c. of the 
sample are mixed with 50 c.c. of a 20% solution of potassium hydroxide 
in alcohol. The crystalline mass of the potassium derivatives of 
guaiacol and creosol, which forms in the course of 1/2 hour, is 
pressed between filter-paper until dry and treated in a test-tube with 
5 c.c. of 20% sulphuric acid. On heating the mixture, the guaiacol 
and creosol rise to the surface. The liquid is then diluted with suffi- 
cient water to cause the oily layer to sink, when the aqueous portion is 
decanted and the oil treated with 4 c.c. of concentrated ammonium 
hydroxide. A hard crystalline compound is immediately formed by 
the guaiacol, and a semi-crystalline mass is given after some time by 
the creosol. On treating the crystalline mixture with petroleum 
spirit, all but the ammonium compound of guaiacol is dissolved, and 
this can be purified by filtration and washing with petroleum spirit. 
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The compound is then decomposed by dilute sulphuric acid, the 
liberated guaiacol extracted by agitation with petroleum spirit, and 
the solution evaporated in a tared flask. 

Kebler finds the proportion of guaiacol in commercial wood creosote 
to range from 16% down to nil, and doubts the statement that creosote 
ever contained 60% of guaiacol. He suggests that a range of b. p. 
from 200° to 220° should be permitted. This extension would admit 
creosol to an equality with guaiacol as a legitimate and valuable con- 
stituent of creosote, which would appear to be justifiable both from 
analogy and from what is positively known of the therapeutic action of 
creosol. 

Kebler gives the following data obtained by the examination of six 
samples of commercial wood-creosote, purchased in the United States, 
though the results show that none of the samples complies with the re- 
quirements of the United States Pharmacopceia: 


I 2 3 4 5 6 

SOUR Eat esnststakhelt aacenss 1.0748 | 1.0748 1.0650 | 1.0642 I.049 | 1.069 

Percentage distilling be- 5 20 None None 18 | 32 
low 200° | 

Percentage distilling from 34 20 None None 2 | 18 
200° to 205° | | 

Percentage distilling from 26 | 30 None | 2 I2 8 
205° to 210° | 

Percentage distilling from 23 | 19 30 37 | 39 | 24 
210° to 215° | 

Percentage distilling from 6 | 7 25 21 ae A 9 
215° to 220° | 

Percentage distilling from ha eH I 40 36 i) RooHoone 4 


220° to 238° : ; | ; 
Behaviour with diluted) Normal | Normal | Emulsion | Emulsion , Emulsion | Normal 
glycerol 
Number of c.c. of 7 1/2% 9 8 9 7 8 8 
NaOH required to | 
dissolve 2 cc. of 


sample ibe 
Behaviour of 1 c.c. of| Crystals| No crys-| Crystals | Solidified  Solidified |Solidified 
sample when mixed| in 15 talsin 5 in 4 almost on cool- | on cool- 
with 20 c.c. of a 20%|minutes;| hours; minutes; | immedi- ing ing 
solution of KOH in) solid in | solidin solid in ately. 
absolute alcohol “ 40 18 hours 15 
Percentage of guaiacol..| None None 8 DON Racecar ccererel eon tonctete 
Percentage of mixed po- 60 48 60 LOG 4) )|): Suickexsuarse ab mytoete 


tassium compounds of 
guaiacol and creosol 
(page 356) 


A useful indication of the proportion of guaiacol present in wood- 
creosote is afforded by the sp. gr. of the sample, or preferably of the 
fraction distilling between 200° and 205°. The specimens having the 
highest sp. gr. are richest in guaiacol. The United States Pharmaco- 
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pceia (1900) requires wood creosote to have a sp. gr. not below 
1.072 at 25°. The British Pharmacopceia (1898) is slightly more 
rigid, requiring a sp. gr. of not less than 1.079. 

Creosote is commonly stated to be optically active. The British 
Pharmacopeeia of 1885 alleged that it was dextro-rotatory, while the 
edition of 1898 asserts that it is levo-rotatory, both statements being 
misleading. As a rule, wood creosote exhibits no sensible optical 
activity, and the same is true of pure guaiacol and creosol. 
Occasionally, specimens of creosote are met with which exhibit 
an insignificant activity, but the character is valueless as a practical 
Lest. 

Wood-tar creosote of good quality has an agreeable, vanilla-like 
odour, and darkens in a marked manner on prolonged exposure to 
light. 

An alcoholic solution of wood-tar creosote should not give any 
colouration whatever (neither blue nor reddish) with barium hydroxide. 
The test may be made by dissolving the creosote in twice its volume 
(or a sufficiency) of petroleum spirit, which should form a perfectly 
clear solution; and on shaking this liquid with an equal volume of 
saturated baryta water no blue, violet, or red colour should appear in 
either stratum. Such colours indicate the presence of coerulignol or 
other objectionable impurities. 

Wood-tar creosote is practically insoluble in strong solution of 
ammonium hydroxide, and when shaken with 1 or 2 volumes thereof 
(sp. gr. 0.880) the mixture separates on standing into 2 layers, of which 
the lower or creosotic layer considerably exceeds the volume of the 
sample used.t | Genuine and pure wood creosote, when agitated with 
ammonium hydroxide, will not acquire a colour deeper than lemon- 
yellow in half an hour, and the upper aqueous stratum should be 
pale or yellowish. In 24 hours the creosote should have acquired a 
brown or olive-green tint—not blue. 

Adulterations of Wood Creosote.—Wood-tar creosote has been 
sometimes adulterated with, or wholly substituted by, the crude phenols 
of coal-tar. The reactions of the cresols and xylenols resemble those 
of wood creosote still more closely than do those of phenol, and many 
of the proposed tests for differentiation are valueless. 

The reactions described below have been carefully studied by 


_} According to the British Pharmacopceia (1898), if wood creosote be agitated with five 
times its measure of solution of ammonium hydroxide (sp. gr. 0.959) its volume will not 
be diminished materially unless coal-tar phenols be present. 
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Allen on specimens or pure phenol, Calvert’s No. 5 carbolic acid 
(representing cresols), and Morson’s creosote. The descriptions 
should be compared with the reactions of phenol and cresol given 
on page 316. 

a. Wood-tar creosote is also distinguished from the coal-tar acids 
by its reaction with an ethereal solution of nitrocellulose. Shaken 
with half its volume of collodion, Calvert’s No. 5 carbolic acid coagu- 
lates the guncotton to a transparent jelly, best observed by inclining 
the tube and causing the liquid to flow gently from one end to the 
other. Morson’s creosote does not precipitate the nitrocellulose from 
collodion, but mixes perfectly with the ethereal solution. Addition 
of much wood creosote to a mixture of collodion and a coal-tar 
acid causes a re-solution of the precipitated nitrocellulose. When 
a mixture of equal volumes of Morson’s creosote and Calvert’s 
No. 5 carbolic acid is shaken with half its volume of collodion, 
decided signs of precipitation are observed. With 2/3 of the coal- 
tar acids to 1/3 of creosote, the precipitation of nitrocellulose is very 
marked. 

b. When carefully used, a solution of ferry chloride affords a very 
satisfactory means of distinguishing wood creosote from coal-tar 
acids, but not for distinguishing either in mixtures of the two. The 
reaction produced varies, however, in a somewhat curious manner, 
according to the way in which the test is performed, the following 
being, in the author’s experience, the most satisfactory methods of 
operating: 1. On placing a drop of Morson’s wood-tar creosote in a 
hemispherical porcelain dish and adding a few drops of neutral solu- 
tion of ferric chloride, a yellowish-brown colouration is produced, and 
on stirring the undissolved creosote acquires a reddish-brown and 
the ferric solution an olive-brown tint. Calvert’s No. 5 carbolic acid, 
when similarly treated, acquires a light straw-colour, while the ferric 
solution assumes a fine violet colouration, which is permanent. On 
slightly diluting the mixtures with alcohol they both yield olive-brown 
solutions, but on further addition of alcohol the creosotic mixture 
becomes a light olive-brown tint with a shade of green, while the 
carbolic solution turns light brown or amber without any green tinge. 
2. On the other hand, if a drop of wood creosote be dissolved in 10 
drops of alcohol, and a drop or two of dilute ferric chloride added, a 
bluish-green colouration is produced, changing to a fine green, while 
Calvert’s No. 5 carbolic acid yields a greenish-blue colour under simi- 
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lar conditions. On adding sufficient ferric chloride to precipitate the 
wood creosote from its solution, an olive-brown colouration changing 
to deep brown is obtained; while the carbolic mixture retains its green- 
ish-blue tint, though more or less disguised by the yellow colour of the 
ferric solution. 3. The addition of 1 drop of a 10% aqueous solution 
of ferric chloride to 15 c.c. of an aqueous solution of wood creosote 
produces a green colouration, changing very rapidly to brownish-yellow. 
The solution of a coal-tar acid when similarly treated gives a perma- 
nent violet-blue colouration. 

c. Morson’s wood-tar creosote is sharply distinguished from the 
coal-tar acids by its insolubility in absolute glycerol (sp. gr. 1.258), 
whether 1, 2, or 3 times its volume of the liquid be employed. Other 
varieties of wood creosote are somewhat more soluble in glycerol, 
but the solutions are readily precipitated on adding water. Guaiacol 
dissolves in absolute glycerol, but is precipitated by dilution. 

d. Hager modifies this test by using somewhat diluted glycerol. 
3 measures of absolute. glycerol mixed with 1 volume of water 
in an appropriate strength. For the detection of coal-tar acids in 
wood creosote, 1 volume of the sample should be thoroughly agitated 
in a Mohr’s burette with 3 volumes of the diluted glycerol, and the 
liquid allowed to stand till separation has occurred. If the creosote 
be pure, the volume will remain unchanged. If reduced, the glycerol 
layer is tapped off, and the remaining creosote again shaken with 
3 times its volume of diluted glycerol and the volume again observed. 
This second treatment will always suffice for the removal of the coal- 
tar acids, unless their proportion is very large, and hence the volume 
of the residual layer will indicate the proportion of real wood creosote 
in the quantity of the sample taken. The nature of the residual 
creosote can be verified by the collodion test (a), while the coal-tar 
acids can be recovered from the glycerol solution by filtering it to 
remove suspended traces of wood creosote, diluting with water, and 
agitating with chloroform. On spontaneous evaporation of the sepa- 
rated chloroform, the coal-tar acids are obtained in a condition of 
sufficient purity to allow of their positive recognition. 

Hager’s modification of the glycerol test for creosote was examined 
in Allen’s laboratory by W. Chattaway with fairly favourable results. 
The following figures, obtained with mixtures of wood creosote and 
Calvert’s No. 5 carbolic acid, show the approximation to the truth of 
which the method is capable: 
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Taken Found 


Recovered by 


Wood creosote Coal-tar phenols Residual layer 
y chloroform 


Occ. ENG Cs OOIG.C; 0.96 grm. 
SiGiCr ACO SROLesCs | 1.82 grm, 
OMEXE ANC. Cy | F232 CiCh. 3.46 grm. 
AnGies Grice ARO? | 5.22 grm. 


The portion left undissolved after the second treatment with dilute 
glycerol had all the characters of wood creosote. It did not coagulate 
collodion. The portion dissolved by the glycerol and subsequently 
recovered by chloroform behaved like coal-tar acids with collodion 
and ferric chloride. Hence the separation by glycerol is fairly perfect. 

From the foregoing reactions it will be seen that phenol, cresols, 
and wood-tar creosote can be readily distinguished from each other. 
The case is different when a mixture of the substances has to be 
dealt with, as in the case of a sample of wood creosote adulterated 
with crude carbolic acid. As the problem is to detect the coal-tar 
acids in presence of wood-tar creosote, rather than the reverse, only 
affirmative tests for the former bodies are of service, and in many cases 
these are seriously modified by the simultaneous presence of creo- 
sote. In fact, the reactions with glycerol and collodion are the only 
2 simple tests of real service, and these are much affected by the pres- 
ence of a considerable proportion of wood creosote. If, however, 
the sample be treated with diluted glycerol, as described under d, 
and the ferric chloride and collodion tests be applied to the residue 
recovered by chloroform from the glycerol solution, the recognition 
of the coal-tar acids can be satisfactorily effected. These tests are 
best applied to the portion dissolved by the first treatment with gly- 
cerol, a second treatment being necessary to complete the extraction 
of the coal-tar acids, but the additional quantity dissolved is liable to 
contain sufficient creosote to obscure the blue colouration with ferric 
chloride. In employing these tests it must be remembered that 
genuine wood-tar creosote contains distinct traces of phenol and cresols 
and still more of xylenols, and hence adulteration should not be as- 
sumed unless the treatment with diluted glycerol effects the removal 
of a very notable quantity of coal-tar acids. 
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A possible addition to wood-tar creosote, but one which does not 
appear to have been noted, is that of blast-furnace creosote. This, 
being of very similar composition to wood creosote, is very difficult 
to detect. The phenolic substances from blast-furnace creosote oils 
were distilled, and the fraction passing over between 210° and 220° 
examined in Allen’s laboratory by the foregoing tests for wood 
creosote. The fraction itself readily gelatinised collodion, and gave 
with ferric chloride (test b 1) a slate-blue colouration changing to dirty 
brown. On treatment with diluted glycerol the greater part remained 
undissolved, but the dissolved portion when recovered by chloroform had 
the odour of common phenol, coagulated collodion, and reacted with 
ferric chloride almost exactly like Calvert’s No. 5 carbolic acid, except 
that by test 6 1 the violet-blue changed to brown instead of being 
permanent. These reactions would allow of the detection of blast- 
furnace creosote in wood creosote, but the insolubility of the greater 
part of the former product in diluted glycerol would render a separa- 
tion of the two impossible by that means. If the adulteration of 
wood creosote by the portion of the blast-furnace product insoluble 
in glycerol were to be attempted, the reaction with ferric chloride and 
the gelatinisation of collodion would suffice to detect the substitution. 
The same is true of the fraction boiling below 240° of the phenoloid 
‘ bodies from a crude shale oil, in addition to which their peculiar odour 
would attract attention. 


Blast-Furnace Tar Creosote. 


The tar obtained by cooling the waste gases from blast furnaces 
(see page 18) yields very little naphtha on distillation, and hence 
the ‘creosote oil” consists of the whole distillate up to the point at 
which the oils solidify on cooling. Blast-furnace creosote oil is a 
thin, brown liquid, lighter than water. It contains no naphthalene, 
but is rich in basic constituents and phenols. 

On treating 14 gallons of creosote oil (sp. gr. 0.988) condensed from 
blast-furnace gases with sodium hydroxide solution of 1.07 sp. gr. 
(6% NaOH), and decomposing the solution with dilute sulphuric acid, 
Watson Smith (J. Soc. Chem. Ind., 1883, 497) obtained 2 gallons of 
crude creosote as a dark brown liquid of 1.07 sp. gr. On fractionally 
distilling this product Smith obtained only 1.33% of phenol boiling 
at 182°, whereas the tar acids from Lancashire coal-tars yield about 
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65% of crystallisable phenol. The fraction which would contain the 
cresols amounted to 4.5% of the total tar acids. The larger fraction 
(19.4%) distilling between 210° and 230°, probably consisted mainly 
of xylenols with guaiacol and creosol. These results show that a 
close similarity exists between the phenolic substances of blast- 
furnace creosote and those contained in wood-tar. A large pro- 
portion of the creosote distilled at a temperature above 230°, but the 
exact nature of this fraction is not at present known. The fraction 
distilling above 360° gave, on treatment with sodium hydroxide and 
exposure to air, unstable colouring-matters, which are probably allied 
to the eupittonic acid obtained from wood-tar. 

It is probable that the extraction of the phenolic substances from 
the sample examined by Smith was not complete, as he used a dilute 
alkali. By repeatedly treating a sample of blast-furnace creosote 
oil of 0.956 sp. gr. with 19% solution of sodium hydroxide (sp. gr. 
1.21), Allen extracted 34% by volume of tar acids, having a sp. gr. 
of 1.0355. 100 c.c. of these acids gave very little distillate below 
200° and 59.5% below 250°, the largest fraction (24%) distilling 
between 220° and 230°. The fraction distilling between 210° and 
220° is described on page 347. On treating a portion of the mixed 
tar acids extracted by strong alkali with dilute sodium hydroxide 
solution (3.5% of NaOH), separating the insoluble portion, and acidi- 
fying the aqueous liquid, the phenols obtained were completely solu- 
ble in dilute glycerol, and gave a fine violet-blue colouration with ferric 
chloride. 

In a later contribution (J. Chem. Soc., 49 (1886), 17), Smith reports 
the detection of the following constituents of blast-furnace creosote: 
Ordinary phenols, cresols (chiefly 1-3), xylenols (chiefly 1-3-4), 
trimethylphenols, and naphthols. 

2 samples of the blast-furnace creosote oil examined by L. Arch- 
butt had a sp. gr. of 0.969 and 0.956, respectively, and yielded 35 
and 29% of phenols to sodium hydroxide solution of 1.21 sp. gr. 
(19% NaOH). 

The phenol of blast-furnace tar contained in the “‘neosote” of 
commerce are chiefly cresols. 

Neosote.—The phenol of blast-furnace tar (page 18) have been 
patented by Allen and Angus under the name of meosote (“new 
preservative”). This is obtained by treating blast-furnace creosote 
oil with sodium hydroxide, separating the insoluble hydrocarbon oils, and 
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decomposing the solution of the sodium compound by the waste gases 
from the blast furnaces. The carbon dioxide in the gases converts 
the sodium into carbonate and the phenols are set free. The solu- 
tion of sodium carbonate is causticised with lime, and thus furnishes 
sodium hydroxide for treating a fresh quantity of the creosote oil. 
The crude phenols are redistilled, the distillate constituting the 
‘“neosote’”? of commerce. The figures in the table obtained by Allen 
show the behaviour of a typical sample of neosote when distilled with 
a Glynsky’s fractionator. 

It will be observed that 27.8% passed over between 195° and 200°, 
and an additional 19.8% between 200° and 205°. The temperature 
remained absolutely constant at 197° for a considerable time, and 
again at 204°. The regular decrease in the sp. gr. of the fractions is 
interesting. The original sample contained 3.15% of hydrocarbons. 

Neosote contains only 1 or 2 units % of crystallisable phenol, a 
large proportion of cresols, and gradually decreasing proportions of 
the higher homologues. Oxyphenols, similar to or identical with 
those of wood creosote, are also present, but the method of purification 
adopted eliminates a large proportion of these constituents. When 
freshly distilled, neosote is almost as colourless as water, but it acquires 
a dark yellow or brown colour by keeping. Experiments made to test 
the antiseptic value of neosote have shown that it is fully able to com- 
pare with crude carbolic acid, while its caustic properties (when applied 
in a concentrated condition to the skin) appear to be much less marked 
than those of the gas-tar product. 


% by measure Sp gr. of fraction 

BC LOM RE TA (WALCT) oct-icic mae ain lee bursa aee bie oye Marae (A retain A cee a Bo ose 
EROMURU7 ACE LOL OOEN Netha adie, oln scalals, ehelekoncvore Ate MS ae end ee Ore 
RONEN OC eALO MT O Se fee wks laistal apes tye Sakti oe 10.8 I.0495 
EGIMMLOS? LOMO WE) 2° .r .ceame ny cw es 21.2 I.0450 
romano 7 ay 2°vtOv2O0 eda tars Seam nieces 6.6 I .0390 
roma aCO210 202, 0/22. c/s. wuse vie eo cess es Ir .2 1.0340 
ROtEsOgn/ 2° LOFAO5° ay. wen ot ee Acker 4 8.6 I.0290 
HLOMMAOSSTLOMeL Ocenia vsetlatge iret tsa 2 10.9 I.0255 
PIEOMEATOSALO ZUG" stress, si4.s issn robaiaiea eee 7.8 I.0185 
ronal Ser tOr2 22% 002 decree une ei aciehie ae ea 8.2 I.01r2 
BONES 20 eLOD 25 cg th cerdgieye Dolev avalia Miser etter rn cored | “dicate ised dpe ROR eect 

Total below 225°.................. Lo): ey dela WA Ct A 5 certo 


Residue (by difference) 9.3, containing 1.05% of hydrocarbons. 
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Shale-oil Creosote. 


In the manufacture of hydrocarbon products from the crude oil 
or tar obtained by the distillation of bituminous shale, the different 
fractions are washed with a strong solution of sodium hydroxide 
(page 16 ef seg.). On decomposing the resultant viscous liquid or 
“‘soda-tar”’ by dilute acid, a mixture of crude phenolic substances is 
obtained, usually amounting to 1.5 to 2% of the crude shale oil. The 
proportion and nature of the product vary with the character of the 
shale and the manner in which the distillation was conducted. 

The ‘“‘creosote”’ from shale oil presents a close general resemblance 
to the parallel products from beechwood tar and blast-furnace tar, 
with, however, the notable difference that creosol seems to be wholly 
absent. On the other hand, xylenols are present, also a cymenol, 
C,.H,,0, boiling at 237°. 3 isomeric phenols of the formula 
C,.H,,O0H appear to be present. The behaviour with reagents of 
the fraction distilling below 240° is described on page 359. The 
pyrogallic ethers boiling, respectively, at 253°, 265°, and 285°, found 
by Hofmann in wood-tar creosote, have also been isolated from shale 
creosote. Other bodies of very high b. p. are present, but these have 
not been fully examined. 


Coal-tar Creosote and Creosote Oils. 


The term ‘‘creosote oil’? was formerly used to denote that portion 
of the distillate from coal-tar intermediate between ‘‘crude naphtha” 
and pitch. It is practically synonymous with the “heavy oil” or 
“dead oil,’’ so called from its being heavier than water. 

The name ‘‘creosote oil” is now sometimes applied to certain 
oils obtained by the distillation of bituminous shale and by the cooling 
of the waste gases from blast furnaces, and also to the bone oil pro- 
duced in the manufacture of animal charcoal. All these products are 
decidedly different in their chemical and physical characters from the 
wood-tar and coal-tar products to which the name of creosote oil was 
first applied. 

Coal-tar creosote oil commonly consists of that portion of coal- 
tar which distils between 200° and 300°, together with the residual oils 
from the manufacture of crude carbolic acid, naphthalene, and anthra- 
cene. This description, however, applies especially to the creosote 
oil produced in the best-managed works. In some works every 
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residue which cannot be used for any other purpose finds its way into 
the creosote oil well. 

Fresh coal-tar creosote oil is greenish-yellow and highly fluores- 
cent, the latter character being still more evident after exposure of 
the oil to air and light. After a time the oil becomes bottle-green by 
reflected and dark red by transmitted light. The smell is unpleasant 
and highly characteristic. When rubbed between the fingers, the feel 
is at first oily, but the tar acids soon act on the skin, producing a sensa- 
tion of friction. Creosote oil is always somewhat heavier than water, 
the sp. gr. of the portions last distilling being as high as 1.10. It 
usually contains more or less naphthalene, phenanthrene, anthracene, 
diphenyl, and other solid hydrocarbons; phenol, cresols, and higher 
phenols; about 2% of pyridine, cryptidine, quinoline, acridine, and 
other substances of basic character; and the so-called indifferent oils, 
fluid at ordinary temperatures, and about which comparatively little is 
known, notwithstanding the enormous quantity of creosote oil pro- 
duced (see “‘ Naphthalene Oils’’). 

Noelting believes that the volatile phenols of creosote oil contain, 
in addition to a- and {-naphthol and higher homologues of phenol, the 
phenols of anthracene and phenanthrene (Ber., 1885, 385). The 
dihydric phenols characteristic of wood-tar are conspicuous by their 
absence. 


Percentage | of teractis 

Sp. gr., 32° jof distillate funda clietit 
315° late 
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HELIO es Uadiatoies sts etaie ec er. doors mgoanaeee aati 1075 79 8.0 
BO NCES Maa ete seh ga: ci anabale: Seolene, eon ere 1048 60 Beis 
Average ol cojsamples: 2... .aee8s- 1058.8 71.5 5.6 
B. Partial runnings of London oils 
UT EMSS teeters ws seal suntan ae cereale waren oma ee QI 10.2 
NBG UreStanta a fec: casc-at, wie Gyete aisirey ela geey cel ME Ae aioe & ee 78 8.2 
LVEF APELOIE2O: GAIPLES.¥. /1mia cieleeiemie all atelier renee le 8 9.15 
C. English country oils 

II SeSt tree 32 aE cir he intinn aaah Sete 1056 go 24.0 
WOWOSEemir an Mere aihaacrags rote ole. remains: 1024 72 13.5 
AVErAve Ol eT OiSATAples ves 46 a elere sine 1033.5 81.8 18.6 


CREOSOTE AND CREOSOTE OILS. 367 


The preceding table shows the general character of coal-tar creo- 
sote oils of different kinds. The samples under A were the whole 
runnings of heavy oils distilled from samples of tar obtained from 
20 different London gas works. The samples of oil under B were 
produced at the works of the Gaslight and Coke Company at Beck- 
ton and represent creosote oils from which portions of the green oils 
and naphthalene were excluded. Hence these samples are compara- 
tively rich in tar acids and give a larger distillate below 315° than the 
whole running described under A. The liquefying point of the B 
samples ranged from 37° to 32°, and the point of turbidity on cooling 
from 31° to 29°. The samples in series C were analysed by L. Arch- 
butt. All were completely fluid at 33° and many at 15.5°. The 
sample yielding 72% of distillate and 13.5 of tar acids was the product 
of a special treatment. The samples in series C are probably some- 
what richer in tar acids than the generality of country oils. 

Writing in February, 1885, the late C. M. Tidy, who analysed the 
B samples, stated that the best London creosote oils contain a pro- 
portion of tar acids closely approximating to 8%, and he stipulated for 
this amount, believing it to secure the genuine character of the oil. 

The dead oils made in London, and from the tar from Newcastle 
coal generally, are the richest in naphthalene and constituents of 
high b. D-; but contain only a moderate percentage of tar acids. The 
“country oils,” or oils from the Midland districts, are lighter, thinner, 
and more volatile than ‘‘ London oil,” and usually contain less naphtha- 
lene and a larger proportion of tar acids than the latter. The Scotch 
oils are largely derived from cannel coal, are still thinner and more 
volatile, and are sometimes lighter than water. 

Creosote oils from coal-tar receive their main application in the 
creosoting or preserving of timber, and their technical assay is prac- 
tically limited to an examination of their suitability for this purpose. 
The impregnation of wood with creosote oil chokes up the pores and 
materially hinders the subsequent absorption of water. The odour of 
creosote oil is one much disliked by the lower animals, while certain of 
the constituents have a powerful antiseptic action. 

The following specifications for creosote for preserving timber and 
discussion of the subject are by S. P. Sadtler (paper read before Am. 
Institute of Chem. Eng., June, 1909, to be published in Vol. 2, Trans- 
actions of the Institute). 

These specifications had reference to sp. gr., percentage of phenols 


368 PHENOLS. 


(or tar acids), of naphthalene allowable, and to the range of tempera- 
ture within which the oil should distil. Until recently most experts 
valued the tar acids and naphthalene as the important constituents and 
demanded definite percentage of each. Now the weight of opinion is 
in favour of the heavy oils which come over after the naphthalene in 
the distillation and considers the naphthalene as of no value whatever. 
This is because naphthalene is volatile at all temperatures and will dis- 
appear entirely from the wood in course of time. 

As illustrating the views held on the subject of the proper composi- 
tion for a creosote oil for timber preservation Dr. Sadtler quotes a few 
foreign specifications and a few American ones of different dates: 

The Belgian State Railways specify for creosote oil, “‘sp. gr. 1.05 at 
15°, 5% tar acids, 1/3 distilling at 200°-250° and 2/3 at 250° and 
. above.” 

The Western Railway of France.—‘‘Sp. gr. minimum 1.015 at 50°, 
6% acids, should be completely liquid at 40°, at 15° a minimum of 10% 
and a maximum of 25% solid deposit allowed.” 

Roumanian State Railway. ‘Sp. gr. 1.05 to 1.10 at 15°, 6% to 
10% phenol, 1/3 distilling at 200°-250°, 1% green oil between 288°- 
400°, completely liquid at 40°, 10% to 30% of naphthalene.” 

German Impregnating Works.—‘‘Sp. gr. 1.02 to 1.055 to 15%, 10% 
to be dissolved in soda solution of 1.15 sp. gr., up to 150° nothing dis- 
tilling, 150°-235° 25% as a maximum, all should distil between 150° 
OOo 

Letheby’s English Specifications. —‘5s% acids, 90% should distil 
below 315°. 

Midland Railway Co. of England.—‘‘ Sp. gr. of 1.04 to 1.065 at 90° F., 
not less than 25% not distilling at 600° F. (315° C) and not less than 6% 
tar acids.” 

Of these specifications, the Belgian, German, and Midland Railway 
Co. show the influence of the more recent views, while the others 
practically demand naphthalene and do not insist on the heavier oils 
as essential. The American specifications are all of relatively recent 
date and show in the main the change of views as to what is considered 
as desirable. 

Herman von Shrenk, of the United States Forestry Bureau, in 1903 
(Year-book of the Department of Agriculture for 1903, page 435) pro- 
posed the following: ‘‘The sp. gr. must be about 1.04 to 1.10 at a 
temperature of 20°. The b. p. must be as follows: up to 150° nothing 
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must come off; up to 200° not more than 10% may come off; up to 235° 
not more than 25% may come off; up to 355° at least go% must come 
off. The oil must be soluble in benzene or in absolute alcohol.” 

These specifications are relatively high. In 1905, E. H. Bowser, of 
Louisiana, who had been practically engaged in creosoting work in 
that State (see Hour. Association of Eng. Societies, April, 1905), pro- 
posed: ‘‘The sp. gr. shall be not less than 1.04 at 35°; it shall not 
yield more than 10% by weight when distilled up to 210°; between 210° 
and 235° the distillation shall not be less than 25 nor more than 30% 
and at least 30% by weight shall not distil below 260°.”’ These speci- 
fications were quoted with approval by H.R. Standford in a paper read 
before the American Society of Civil Engineers, Dec. 20, 1905. 

In Circular 141 of the Forest Service, United States Department of 
Agriculture, entitled, ‘‘Wood Paving in the United States,”’ the specifi- 
cations of the city of Minneapolis for creosote oil for wooden block 
impregnation are given. These state: ‘‘The sp. gr. of the oil at 20° 
shall be at least 1.09; the oil shall be completely liquid at 25° and show 
no deposit on cooling to 22°; it shall not contain more than 2% of 
water, nor more than 3% of matter insoluble in absolute alcohol or 
benzene; on distillation, up to 150° nothing must come off, up to 170° 
2%, up to 210° from 6% to 8%, up to 325° from 20% to 30%, up to 
315° from 40% to 50%, up to 355° from 60% to 80%.”’ It will be 
seen that this calls for a relatively heavy oil, containing high boiling 
fractions. 

The most recent publication which deals with this subject in detail 
is Circular 112 of the Forest Service on ‘‘The Analysis and Grading 
of Creosotes,”’ by Dean and Bateman, issued Feb. 26, 1908. The 
authors have studied a large number of samples of creosote oil from 
coal-tar as well as from other sources, and as a result of their studies 
propose 4 grades of creosote oil, designated, respectively, as Grades A, 
B, C, and D. They give the distillation curves of each of these as 
well as note their accordance with certain limits of sp. gr., index of re- 
fraction, and percentage of oil remaining after sulphonation test. The 
distillation range, as might be expected, is high for the better grade oils. 

The question as to what should be the composition of a creosote oil 
has been attacked, however, with very satisfactory results, by ex- 
tracting the oil from creosoted timber which has stood exposure for 
some years and examining it as to its composition. Thus, von Schrenk 
in 1907 in a paper read before the New England Railroad Club gives 
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as the result of his examination of oil extracted from creosoted timber 
in service from 1897 to 1906 percentage figures indicating that ‘‘during 
the 9 years of exposure, the naphthalene fraction has practically 
disappeared from the wood above the ground.” In that part of the 
creosoted timber below the ground it had diminished but had not 
disappeared. 

Prof. Gellert Alleman, however, has more recently published a 
fuller study of this question of the character of the extracted oils. 
He obtained these oils from railroad ties, piles, and paving blocks, in 
all 37 samples, which had been creosoted in both English and Ameri- 
can practice and had been in service for periods varying from 9 to 47 
years. His conclusions are as follows: 

“The creosotes recovered contained practically nothing which 
boiled below 205°. The general average shows that 32.9% of the oils 
distilled below 270° and 66.95% above—that is, 2/3 above and 1/3 
below this rather high temperature. Another noticeable fact is the 
large amount of solid anthracene oil recovered from the distillates of 
many samples, the highest being 57%. 

A distinctive feature of the creosotes from American piles was the 
quantity of naphthalene which they contained. The average from 
this class of timbers was nearly 26% and 1 sample showed over 48%. 
It appears probable that the creosotes used in treating these timbers 
contained much more naphthalene than the oils applied to the English 
piles. The results indicate that this substance possesses value for 
timber treatment, although it probably is inferior to anthracene oil. 

It is worth noting that these long-lived American piles contained 
more anthracene oil than naphthalene. 

Perhaps the most striking thing is the disappearance of the tar acids. 
It is certainly conservative to place the original tar-acid content at 5%. 
Yet the extracted oils showed but a tenth of this amount. 

It appears, therefore, that light oils, boiling below 205°, will not re- 
main in timber, but that heavy oils, containing a high percentage of 
anthracene oil, will remain almost indefinitely and protect the wood 
from decay and boring animals. It is probable that naphthalene 
stays in wood for many years, but whether it is as valuable as anthracene 
oil is an open question. The value of the tar acids has apparently been 
overstimated by many persons, for although it has not been proved’ 
that they are valueless, they have been shown to possess poor staying 
qualities. 
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The preservative properties of creosote oil have been ascribed to 
the ‘‘tar acids,” or phenolic constituents, as they are powerful anti- 
septics, coagulating albumin and rendering animal life impossible, but 
it is probable that their value,has been greatly overrated, since the 
solubility and volatility of the lower members prevent a permanent an- 
tiseptic influence. Hence the phenolic substances of high b. p. and 
slight solubility may be of more value for creosoting timber than 
phenol and the cresols, but the lower members are doubtless valuable 
as coagulators of albumin, and should be present in sufficient quantity 
to effect this. If dissolved or volatilised from the timber, they will 
probably create an antiseptic atmosphere, and thus prevent the ap- 
proach of living organisms. The basic constituents are also possibly 
of antiseptic value, and certain of them are not readily washed out or 
volatilised. The naphthalene of coal-tar creosote volatilises only from 
the superficial strata of the timber, and, by solidifying and filling up 
the pores of the wood, probably acts mechanically as a valuable pre- 
servative agent. 

Creosote oils have also been employed as fuel, for production of 
illuminating gas, carburetting coal-gas, softening hard pitch, manu- 
facturing lubricating compounds, burning for lamp-black, and pro- 
duction of antiseptic preparations. The so-called ‘‘Lucigen light” 
‘is obtained by projecting a spray of creosote oil by compressed air, 
whereby a circular brush of flame of high illuminating power is 
produced. 

The following are analyses of 2 samples of creosote oil, one from 
coal-tar and one from water-gas tar, made by the reviser of this section: 


JUL 
Water-gas tar Coal-tar creosote 

Creosote fraction fraction 
Sieh fae CNS ee Sig cnes a eoIe [Sate revecciceacs senators ehe's nate fetter race te eee een 
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Percentage of phenols............ * None. 14% 
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I. DISTILLATION RESULTS WITH WATER-GAS TAR FRACTION. 
Fraction Range in temperature | Amount in c.c. Percentage over 
I Up to 260° a5 .C, — 5-5% 
2 260° to 310° 287 ec =) F15.2%5 
3 310° to 330° 265 cic) ==" 27.27, 
4 330° to 350° 65 | Ge, = 48.7% 
5 350° to 370° 63 cc. = 69.8% 
6 370° to 380° 33-5c.c. = 81.0% 
i Residue a7. (CC = EQLOM 
300 cc. = 100.0% 
Refractive index Sp. gr. 
40° 60° oe 60° 
= : 
Or minallatmee orka snciats de kom sai fae bos .6370 1.6315 £2073. Nie tc4Ac 
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IBVAGHON 2 geen ar fateh et nee agers 1.5892 1.5800 | 3.017 | 0.9888 
Hea CHIOIG 2 eaters. hors, Sibir surance an 1.6181 1.6095 T-054 || 2.0253 
PREACH OMMAR enter rit, «tetas ds I .6371 1.6288 1.074 | 1.0458 
EACH ONS ecm aniirt acta craton = 1.6540 1.6450 I .093 1.0648 
J DiseKG Tye GY, olen eho hen ale ore pares I .6525 1.6434 1.086 1.0578 


1. a. Additional Distillation Results with Water-gas Fraction.— 
1,500 c.c. of the 1.073 water-gas tar oil were distilled in iron retort and 
375 c.c. collected between 160°-343°; 300 c.c. of this was fractioned 
in a Hempel distilling flask (thermometer exposed above 60°; tem- 
perature of stem, 40°-85°). 


Fractions Range of temperature Amount in c.c. Percentage over 
I 160° to 200° 34.55 6.C; “= Tins ye 
2 200° to 240° 24.5¢¢c. = 19.7% 
a 240° to 280° S25. —— eho, 
4 280° to 300° 54.5'C.c, =  s5r2e% 
5 300° to 320° |. 39S CiC., ==5 MOES 
6 320° to 330° 27 C.cy =" FONG 
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Refractive index 
Sp. gr. 
60° 
40° 60° 
TPSIAKGUSIG)ON. 21s aim che Aricent Mice DRE ease te No film No film 0.8537 
REA CRLONE Deters ee, cus rscuvsaten t néreancee No film No film 0.9124 
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Viscosity in Pipette at 180° F.: (For comparison only.) 
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Water-gas tar fraction ra............ 25¢.c. = I5 seconds 


II. DISTILLATION RESULTS WITH COAL-TAR CREOSOTE. 


Fraction Range of temperature Amount inc.c. Percentage over 

I Up to 200° 27 O1CCal me On 2 oy 

2 200° to 210° 60 cc. = 29.2% 

3 210° to 220° C7. Ce done 7g 

4 220° to 230° 4Atee C.Cae == O22 007 

5 230° to 240° B30 KC.Cal =I 730% 

6 240° to 260° 3215 CC) =O ArT Yo 

7 260° to 280° I7.5C.c. = 90.5% 

8 280° to 295° Feu Gicy =) 3035597 

9 Residue solid .4cc. = 6.5% 
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Assay of Creosote Oils.—As previously stated (page 371), the 
value of creosote oils for preserving timber depends on several constit- 
uents, all of which should therefore be taken into account in the exami- 
nation. Unfortunately, the assay of creosote oils is often conducted 
according to the arbitrary conditions of a contract note drawn up 
without much reference to the chemical nature of the article to be 
assayed, or to the possibility of obtaining a fairly accurate determina- 
tion of the leading constituents by the mode of operation prescribed. 
The early specifications often stipulated for a certain sp. gr.; the ab- 
sence of a deposit when cold; the presence of a certain proportion of 
tar acids; the volatility of a certain percentage below 315°; and, occa- 
sionally, still more arbitrary stipulations were made. Later speci- 
fications include no reference to the sp. gr., allow the presence of a 
considerable proportion of naphthalene, and stipulate that a certain 
percentage of the oil shall not distil below a given temperature, in- 
stead of the opposite—this modification being a recognition of the 
value of the fractions of high b. p. No practical recognition has yet 
been made of the antiseptic value of the basic constituents of creosote 
oil nor of the fact that the portion of the oil distilling below 315° 
does not contain the whole of the tar acids. 

The sp. gr. of creosote oil is not a criterion of its suitability for treat- 
ing timber, but is an indication of genuine character of the samples: 
that is, their derivation from coal-tar only. 

The presence of solid naphthalene in the cold creosote oil is no detri- 
ment, but the deposit should wholly dissolve on warming. A sample 
should become quite clear below 38°, and should not become turbid 
again till cooled to 32°. 

The liquefying-point is usually ascertained by transferring 
an average sample of the oil to a test-tube, immersing a ther- 
mometer, and warming it gently till it becomes liquid. The 
point of turbidity is similarly observed by allowing the tube to cool 
spontaneously. 

These simple tests are much more satisfactory than the assay for 
solid naphthalene, as required by the Crown Agents for the Colonies. 
If necessary, the approximate determination of the naphthalene may 
be effected in the manner carried out in the works-laboratory of Messrs. 
Burt, Boulton & Haywood, as follows: “too grm. of the sample 
are placed in a small beaker and cooled to a freezing mixture to 4.5°. 
The oil is kept at that temperature for about 15 minutes, after which 
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it is thrown on a cloth filter, placed in a small funnel inserted in a 
larger one containing a freezing mixture, so that a temperature of 
40° F. may be maintained during the filtration. The filter-cloth and 
contents are then removed from the small funnel as quickly as possi- 
ble, and pressed strongly between coarse filter-paper in a copying 
press or vise. ‘The pressed product is then detached from the cloth 
and weighed.” 

The following method, also employed in the works-laboratory of 
Messrs. Burt, Boulton & Haywood, is that usually adopted for ascer- 
taining the behaviour of creosote oil on distillation:' 100 c.c. measure 
of the oil are gradually heated in a 4-oz. tubulated retort, by a small, 
naked flame surrounded by a tin-plate cylinder. A thermometer 
should be arranged in the retort in such a position that on the termi- 
nation of the distillation the bulb shall only just touch the residual 
liquid. The flame is arranged so that the distillation shall occupy 
about 30 minutes. The distillate should be collected in a graduated 
glass cylinder, and the proportion of water observed at an early stage 
of the operation, as later on it is again more or less completely taken 
up by the phenolic constituents of the oil. The proportion of water 
in creosote oils is very variable, ranging from 1 or 2 to nearly 10%. 
The distillation is arrested at 315°, 321°, or other temperature, as speci- 
fied in the contract note, the volume of the distillate being then 
observed. 

For the determination of the far acids, it is usual to employ the 
distillate obtained in the last operation. This is transferred to a stop- 
pered flask, holding about 250 c.c., and treated with 30 c.c. of a solu- 
tion of sodium hydroxide, made by dissolving 23 grm. of pure sodium 
hydroxide in water, and diluting to 100 c.c. The liquid is thoroughly 
agitated, heated for a few minutes ina water-bath, and again thoroughly 
agitated for about a minute. The whole is then poured into a sepa- 
rating funnel, the alkaline liquid drawn off, and the oil agitated with 
a further quantity of 15 c.c. of the solution, which is then separated 
as before. To ascertain if the extraction of the phenols is complete, 
it is necessary to agitate the undissolved portion with alkali a third 
time, and slightly acidify the liquid separately. Complete extraction 
is generally indicated by the solution ceasing to acquire a reddish tint. 
The alkaline liquids are mixed, well cooled, separated from any further 


1 For the details of this and the following test, as also for much other information on creo- 
sote oils and other tar products, the author is indebted to Mr. D. Bendix. 
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stratum of oil, and treated with a slight excess of diluted sulphuric 
acid (1.3), of which about 30 c.c. will be required. The mixture is 
then transferred to a graduated cylinder and allowed to cool completely, 
after which the volume of tar acids is observed, the number of c.c. 
obtained being the % by volume of tar acids in the sample under 
examination. This method is substantially that prescribed by Abel 
and Tidy. In the specification of the Crown Agents for the colonies 
a 10% solution of sodium hydroxide (sp. gr. 1.125) is employed, but 
otherwise the process is the same. 

Tidy employs 20 c.c. of alkaline solution for the second and third 
extractions. The tar acids are separated and redissolved in 20 c.c. 
of sodium hydroxide solution (20%), and to c.c. of water. The solu- 
tion is then boiled and filtered through a funnel containing a plug of 
asbestos. The plug is washed with not more than 5 c.c. of boiling 
water, and the filtrate allowed to cool perfectly in a 100 c.c. measure. 
It is then rendered slightly acid with diluted sulphuric acid, of which 
about to c.c. will be required, allowed to stand for 2 hours till perfectly 
cold, when the % of tar acids is read off. The results are lower 
than those given by processes in which the re-solution of the tar 
acids is omitted, owing to their imperfect recovery from the aqueous 
liquid. 

The foregoing modes of operation ignore such tar acids as occur 
in the fraction of the oil distilling about 315° to 320°, and do not en- 
sure the complete extraction of the acids existing in the less volatile 
portion of the oil. The proportion of these higher phenoloic sub- 
stances extractable by strong solution of sodium hydroxide from Lon- 
don coal-tar creosote varies from 2 to 4%. A more accurate and -prac- 
tical assay of creosote oil for the content of tar acids would be effected 
by the following process: The oil should be distilled to the point of 
pitching, and the whole of the distillate subjected to the treatment 
with solution of soda. The alkali should at first be of moderate 
strength (e. g., 10%), but the operation should be repeated with fresh 
quantities of 30% solution (sp. gr. 1.34) until the extraction is com- 
plete, as shown by the separation of mere traces of tar-acids on acidi- 
fying the alkaline liquid. To cause the alkaline liquid to separate 
completely and promptly from the stratum of indifferent oils, an addi- 
tion of petroleum spirit should be made, and the whole again agitated. 
~The petroleum spirit acts as a solvent for the oils, and also prevents 
the naphthalene from solidifying or being partly dissolved by the alka- 
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line liquid. Instead of liberating and measuring the tar acids in a 
graduated cylinder, a more accurate plan is to employ a flask with 
a narrow, graduated neck. The layer of tar acids is brought to the 
zero mark by running in mercury from a burette. The tar acids 
thus separated are not anhydrous. They can be further examined 
as described in the section treating of the assay of crude phenol. 

The foregoing modified method of estimating the tar acids in creo- 
sote oils by isolation and measurement is far more satisfactory than 
any process based on their conversion into the bromo derivatives, 
as the latter plan involves the knowledge or assumption of their mean 
molecular weight and of their exact reaction with bromine. 

Although not usually practised, a valuable addition to the ordinary 
method of examining creosote oils consists in a determination of the 
basic constituents. This may be effected by distilling the sample to 
the point of coking and agitating the distillate with diluted sulphuric 
acid (1 to 3). .The acid liquid is separated, rendered distinctly alka- 
line with sodium hydroxide, any oily layer separated, and the aqueous 
liquid distilled nearly to dryness. This second distillate is mixed 
with the oily layer, the whole acidified with hydrochloric acid, and 
evaporated to dryness on the water-bath. The residue consists of 
the hydrochlorides of the tar bases, from which the bases themselves 
may be liberated by solution in a small quantity of water and addition 
of solid sodium hydroxide to the liquid until saturated. If desired, 
the bases may be further examined by converting them into platino- 
chlorides. 

Mr. Edwin M. Chance kindly submitted to the present writer the 
following methods, pages 377 to 380. These are the methods used in 
the laboratory of the Philadelphia and Reading Coal and Iron 
Company. 

Technical Examination of Creosote Oils.—The oiaheed 
examination of so-called creosote oils designed for use in timber 
preservation, has for its objects the determination of the source of 
these oils and their physical character. 

In this laboratory (Philadelphia and Reading Coal and Iron 
Company) these ends have been reached by making the following 
tests: . 

1. Appearance. 

2. Specific gravity. 

3. Melting point. 
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. Flash and fire points. 
. Moisture. 
. Solubilities. 
. Volatility. 
. Tar acids. 
. Fractionation. 
a. Nature and appearance of fractions. 
b. Specific gravity. 
c. Refractive indices. 
d. Sulphonation test. 

The first and most important fact to be ascertained is whether or 
no the oil under examination be a true creosote; if so, to determine its 
source and, lastly, to grade it as to quality. These questions are 
readily answered by an inspection of the results of the above operations. 
The manner of the interpretation of these results lies beyond the 
scope of this paper. 

The actual analytical operations are extremely simple and are 
carried out as follows: 

1. Appearance.—The oil (if liquid) is shaken and poured into 
a beaker, colour, odour, fluorescence, and any solid matter are noted. 

2. Sp. Gr.—Determined by means of Westphal balance, or pyk- 
nometer at 60°. 

3. M. P.—If solid at ordinary temperatures the m. p. is determined 
by any of the standard methods. 

4. Flash and Fire Points.—Determined in an open copper or 
porcelain dish, of about 125 c.c. capacity, heated in a sand-bath, so 
that the temperature will rise 2° per minute. A test flame, 3 mm. in 
length, is applied every 1°. 

5. Moisture.—The method of Marcusson has been found to be 
far superior to all others, both in point of accuracy and rapidity of 
operation. 

50 grm. of creosote are weighed into a 250 c.c. Erlenmeyer flask. 
75 c.c. of water-saturated xylol are added. A condenser is connected 
and the contents are distilled, by means of an oil-bath, till the distillate 
comes over perfectly clear. The distillate is caught either in a 50 c.c. 
graduated eudiometer tube, a burette filled with water to the se c.c. 
mark or, better, in a large funnel with a graduated stem, the end of 
which is sealed. 

After distillation the receiver is set to one side, till the emulsion is 
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entirely broken, when the volume of water may be directly read off. 
Any bubbles of water adhering to the funnel in the xylol stratum 
may be readily gathered together by means of a glass rod, and incor- 
porated in the main body of water. The important point in this 
operation is to distill slowly. 

6. Solubilities.—The solubility in benzol, alcohol, and 88° Be. 
gasoline is noted, about 1 c.c. of creosote and 15 c.c. of the solvent being 
taken. 

7. Volatility.—The method of Dean’, slightly modified, is used: 
5 c.c. of the oil is weighed in the tared bottom half of a Petri dish. 
The dish is then heated to 110° in an air-bath, and kept at that tem- 
perature for 30 minutes, then removed, covered with the top half of the 
dish, allowed to cool, and weighed. This operation is repeated till the 
dish has been in the bath for a space of 5 hours. The loss is calculated 
to %, and a curve plotted, the ordinate denoting % and the abscissa 
time. 

8. Tar Acids.—The method of Alleman? is preferred. Distil too 
c.c. till the temperature reaches 420°. Extract the distillate with 3 
portions of 40, 30, and 20 c.c., respectively, of hot sodium hydroxide, 
sp. gr. 1.15, combine the 3 portions of sodium hydroxide in a 200 c.c. 
graduate.’ Make acid with dilute sulphuric acid, allow to stand, 
heat to 60°, and read the volume of separated tar acids. 

g. Fractionation. 

It has been suggested by Dean? that the distillation of creosote oil 
may be best accomplished by the use of the Hempel bulb. The 
experience in this laboratory (Philadelphia and Reading Coal and 
Iron Company), however, has shown that with such a bulb, it is 
almost impossible to drive over oils of a high b. p. For this reason a 
distilling bulb of the following dimensions has been found most 
advantageous: 


Volume of bulb, 500 Gc: 
Diameter of neck, 3 cm. 
Length of neck, Yo cm. 
_ Height of delivery tube above bulb, g cm. 
Length of delivery tube 40 cm. 
Bore of delivery tube 7 mm. 


1U. S. Dept. of Agriculture, Forest Service, Circular 112. 
2U.S. Dept. of Agriculture, Forest Service, Circular 98. 
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As the delivery tube, owing to its length, makes an excellent air 
condenser, the use of other condensing apparatus is unnecessary. 

The flask is counterpoised, and 250 grm. of creosote weighed into it. 
A thermometer, reading at least to 400°, is fitted by means of a cork, 
so that the bulb reaches to a point just below the opening of the 
delivery tube. The bulb is placed upon a wire gauze, and surrounded 
by an asbestos-board box. Distillation is then begun. The use of an 
Erlenmeyer Argand burner is recommended. 

The distillation rate is regulated by means of a metronome so that 
t drop falls per second. It is sometimes necessary to warm the 
delivery tube with an auxiliary flame to prevent its becoming clogged 
by solidifying liquid. The distillate is caught in weighed 150 c.c. 
round, flat-bottomed flasks, and is divided into the following fractions: 


Up to 170° 2'70°—290° 
Oc 20 he 290°—-305° 
205°-225° 305°-325" 
225°-235° 315°-360° 
235°-245° 360°—-400° 
246°—255° Above 400° 
255°-270° 


These are weighed and % distilling determined, and plotted in a 
curve, the ordinate of which represents %, while the abscissa repre- 
sents temperature. The distilling bulb is weighed and the residue 
calculated and its character noted. 

The distillates are further examined as follows: 

a. Their colour, odour, and consistency are noted. 

b. Refractive indices determined by means of Abbé refractometer 
at 60°. 

c. Sp. gr. determined at 60°/60° by means of 10 c.c. sp. gr. 
bottles. 

d. Sulphonation Test. The fraction distilling between 305° and 315° 
or 315° and 360° is treated with 4 to 5 volumes of concentrated sulphuric 
acid, care being taken not to allow the temperature to rise sufficiently 
to cause carbonization. The flask is shaken repeatedly for 30 minutes, 
allowed to stand till cool, and then poured into a burette. After the oily 
layer has entirely separated, its volume is read off. The sulphuric 
acid is then drawn off, and the residual oil washed with water, and 
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shaken with a 10% solution of sodium hydroxide. The oil should 
dissolve if the original were true creosote. 

Dean has devised a special separatory funnel which may be found 
convenient in the application of this test. It has a volume of about 
100 c.c. The neck is drawn into a tube about 7 cm. long, and has a 
volume of about 5 c.c., and is graduated in 1/10 c.c. 

Thanks are due to Mr. A. G. Blakeley, through whose courtesy 
much of this data has been secured. 

The following methods are taken from circular, Forest Service, 
United States Department of Agriculture. 

Moisture.—The creosoted wood, in the form of borings, turnings, 
saw-dust, or similar material, is quickly weighed and transferred to 
the 250 c.c. Erlenmeyer flask, and 75 c.c. of water-saturated xylol* 
added. The basin, which might well be of smaller diameter than 
that shown in Fig. 2, should be 2/3 full of melted paraffin or of some 
heavy lubricating oil, such as cylinder oil. The bath is heated and 
the distillation continued until the distillate comes in clear drops. 
At the end of the distillation the condenser should be rinsed with the 
stream from a wash-bottle containing xylol. After it has stood for a 
short time, the emulsion of water and xylol separates, giving 2 
clear liquid layers. The mean of the readings at the top and bottom 
of the meniscus, between xylol and water, gives the volume of water, 
and the percentage of moisture in the wood is obtained by multiplying 
the water volume by 4. There are always smaller globules of water 
adhering to the sides of the graduate in the portion filled with xylol. 
These are readily scrubbed down with a piece of rubber tube on the 
end of a piece of glass tubing, which is better for this purpose than 
the rod commonly used for a “‘policeman.””” 

It is important that the distillation be carried on slowly to allow all 
the water in the wood to volatilize. The finer the wood particles, the 
more rapid may be the distillation. If rather coarse material is used, 
the distillation should not run faster than 1 drop per second. 

Fractional Distillation.—The distilling vessel is a side-neck 
flask of Jena glass. The outlet tubes of the flask used were placed 

1 Water saturated with xylol is readily prepared by heating a mixture of water and xylol 
with frequent shakings and subsequently removing the water in a separatory funnel. 
aad he Force in at preset wetter ae 
paper on ‘The Determination of Moisture by Distillation,” which he is sending for pub- 
lication. In this paper he advocates the use of a benzine fraction boiling between 149° 


(300° F.) and 232° (450° F.). 
2 Americanism: a rod etc., used generally to rub off precipitates. 
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rather below the middle of the neck, and, to insure a good condensa- 
tion and prevent the ignition of the first part of the distillate, these de- 
livery tubes were 40 cm. long. Retorts are not used because the 
fractions obtained from these vessels are much less sharply defined. 
In place of the usual Bunsen burner, a Rogers burner is employed, 
as the flame is under better control and the contents of the distilling 
flask less likely to bump or froth. During the distillation the flask is 
placed on a thick asbestos board through which a hole about 1.5 in. 
in diameter had been cut. This asbestos sheet prevents the radiation 
of heat from the burner to the thermometer. A mica shield is 
placed around the distilling bulb whenever protection from draught is 
necessary. 

The thermometers used are made of Jena normal glass and filled 
with nitrogen. To guarantee their accuracy, they are carefully 
compared with a set of Anschiitz standard thermometers. They are 
always so placed that their bulbs were just below the outlet tube, so 
that the temperature recorded at any moment is that of the vapours 
passing over. 

250 grm. of oil are used for each distillation. The fractions are 
caught in small flasks which have been previously cleaned, dried, and 
weighed. The amount of each ‘distillate is determined by a second 
weighing taken after the fraction have cooled. When a complex 
mixture such as creosote is distilled the various distillates passing over 
do not volatilise at the exact b. p. of the individual compounds which 
they contain, and the compounds cannot be separated except by re- 
peated distillations. If all creosote oils were similarly constituted, 
then, by means of a series of analyses, it could be readily determined at 
what temperatures the various constituents volatilise; but since oils 
vary greatly in composition, this is not possible; such temperatures as 
are determined upon for the separation of the various fractions are, in 
a measure, arbitrary. For instance, if an oil is high in naphthalene con- 
tents and also contains a certain amount of material distilling below 200°, 
some of the naphthalene is liable to volatilise with the lighter oil, and it 
will entirely have passed over when a temperature of 245° is reached. 
On the other hand, if the oil contains a large amount of the higher 
boiling constituents, such as anthracene, and also a considerable 
amount of naphthalene, the latter is frequently not gotten rid of be- 
fore a temperature of 250° is reached. The point at which naphtha- 
lene ceases to come off, if it is present, can be determined by allowing 
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a drop of the distillate supposed to contain it to fall on a piece of cold. 
porcelain. If the drop solidifies, the presence of naphthalene is shown. 

In over 800 distillations it was found that 92% of those oils which 
contained naphthalene gave it off between 205° and 245°, and one of 
the fractions has frequently been taken between these temperatures. 

After conducting tests on a great many oils Dean was of the 
opinion that the most information could be obtained by separating 
the distillates as follows: 


Ie to 170°. By 270%, 104 200. 
PA, States? Koy Xo. 6. 320° to 420°, 
Be ANS? tie) BHA. 7. Residue above 420°. 


4. 245° to 270°, 

Fraction No. 1 contains the light oil and water. In case much 
water is present some of the naphthalene will frequently volatilise 
with it. 

No. 2 should contain phenol and the cresols. 

No. 3 contains naphthalene and the 2 methylnaphthalenes; these 
bodies crystallise out, and by filtration the amount of solid naphthalene 
can be determined. 

No. 4 contains among other compounds, dimethynaphthalenes. 

No. 5 was usually entirely liquid on cooling, and its composition 
is complex and variable. In case little anthracene oil is present, 
some of it will be found in this distillate. 

No. 6 usually contains anthracene oil, phenanthrene, acridine, etc., 
and solidifies on cooling. 

The residue above 420° may contain practically the same as No. 6 
and also tar. 

When the distillation has reached the 225° point, an asbestos-board 
box should be placed around the distilling flask to cover the bulb, but 
leave the Hempel column exposed. Draughts upon the distilling 
apparatus must be avoided. 

Index of Refraction.—The indices of refraction of the different 
fractions between 235° and 305° are determined at 60° in a refrac- 
tometer with light compensation. The results are plotted with tem- 
peratures as abscissz and indices of refraction as ordinates. 

The sp. gr. of the fractions between 235° and 305° are determined by 
means of sp. gr. bottles. These bottles are filled at 60° and the 
weights referred to water at the same temperature. The results are 
plotted as a curve, in which the ordinates are sp. gr. at 60° and the 
abscisse temperatures. . 
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Sulphonation Test.—The fraction distilling between 305° and 320°" is 
treated with concentrated sulphuric acid and poured into a special sepa- 
ratory funnel, such as is shown in Fig. 10.” The flask which contained 
the fraction is rinsed out twice with concentrated sulphuric acid and 
the rinsings added to the funnel. Enough more concentrated sulphuric 
acid is then added nearly to fill the funnel, and the 
mixture is thoroughly shaken at least 6 times in 30 
minutes. After standing until it becomes cool the volume 
is brought up into the graduations by the addition of 
concentrated sulphuric acid, and after another hour the 
amount of unsulphonated oil is read and the percentage 
calculated. The residual oil is usually almost white or a 
pale blue. In some cases a reddish oil with a distinctive 
odour is obtained from a pure coal-tar creosote; this oil 
does not consist of hydrocarbons and is soluble in alkali 
hydroxide. The sulphuric acid should, therefore, be 
drawn off, the oil washed with water, and a 10% solution 
of sodium hydroxide added. If the oil is soluble in this 
reagent, the sulphonation test is regarded as negative. 

Tar Acids.—so c.c. of the creosote under analysis are measured 
at 60° into a small distilling flask by a pipette. The oil is dis- 
tilled as completely as possible without breaking the distilling bulb, 
and the distillate is caught in a short-stemmed, 100 c.c. separatory 
funnel. At the end of the distillation 25 c.c. of boiling hot 159% sodium 
hydroxide is added to the distillate and the mixture thoroughly shaken. 
The alkaline extract is then drawn off into a 100 c.c. shaking cylinder 
and 25 c.c. more of hot sodium hydroxide added. After extracting 
with this second portion for 5 minutes, with frequent shaking, the solu- 
tions are allowed to separate and the alkaline extract added to the first 
portion in the cylinder. A third extraction is made with 15 c.c.’ of 
alkali. The total alkaline extract is cooled, acidified with sulphuric 
acid, thoroughly shaken, brought to 60°, and the volume of super- 
natant oil is read off. 

Water.—After weighing the first 2 fractions of a fractional distilla- 
tion they are united in a small separatory funnel and any water which 
is present is separated from the oil and its amount accurately deter- 
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1The present writer found in water gas-tar creosote that more non-sulphonatable oil was 
found in other fractions than between 305° and 320°. In fact the original oil contained more 
in proportion than this fraction. 

*Figs 10 to 19, inclusive, are reproduced, with permission, from Circular 112, by Dean & 
Bateman, Forest Service, U. S. Dept. of Agriculture. ‘ 
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mined. If particular accuracy is required in the estimation of the 
water it may be done by the Marcusson xylol distillation method 
(Forest Service Circular 134, ‘‘The Estimation of Moisture in Creo- 


sote Wood’’). (See page 381.) 

Grades of Creosote.—The 
various methods of creosoting 
timber and the various purposes 
for which creosote timber is in- 
tended indicate so strongly the 
varying values of different sorts 
of oil that the following 4 grades 
are tentatively proposed. 
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than 1 in the third place of decimals below the range in Fig. 12, and 
the sp. gr. at 60° shall not fall more than 1 in third place of decimals 


below the lower limits shown in Fig. 13. 


On applying the sulphona- 


tion test to the fraction between 305° and 320° there shall be no oily 
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INDEX OF REFRACTION@ 60°C, 


residue insoluble in alkali 
hydroxides. The water shall 
not exceed 1%. There shall be 
no admixture of undistilled tar. 

Grade B.—The percentage 
weights on distillation by the 
laboratory method shall fall 
within the shaded limits in Fig. 
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as for Grade A. The water shall not exceed 2%. 


be no admixture of undistilled tar. 
Grade C.—The percentage weights on distillation, according to 
the laboratory method, shall fall within the limits shown in Fig. 5, 
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and the indices of refraction shall fall within the limits shown in Fig. 16. 
The volume of the sulphonation residue in the fraction, 305°-320°, 
shall not be greater than 1/10 of the weight of the fraction. The 
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water shall not exceed 4%. There shall be no admixture of undis- 
tilled tar. 


Grade D.—The distillation limits are shown in Fig. 17, and the 
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indices of refraction shall fall within the limits shown in Fig. 18. 
The volume of the sulphonation residue from the fraction, 305° to 
320°, shall not exceed 1/5 of the weight of that fraction. The water 
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in the creosote shall not exceed 5%, and admixture of undistilled tar 
or other viscous material shall not exceed 15%. 
Uses of the Various Grades.—The Grade A oil is adapted for 
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open-tank treatment or other operations where excessive loss from 
volatilisation is possible during the process. It should be a pure 
coal-tar creosote, consisting almost entirely of aromatic compounds. 
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An oil of this sort is also particularly well adapted for use in processes 
where only a minimum quantity of the creosote is employed, such 
as an empty cell process, where it is essential that nearly all of the oil 
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used shall stay in the timber and protect it, since it is the sort of oil 
which would show a minimum loss by volatilisation from treated 
timber. 
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Grade B is a pure coal-tar creosote, but contains a much larger 
proportion of the low boiling constituents than grade A. It is well 
adapted for close cylinder operations and for timbers which will be 
protected by soil or water from excessive evaporation. 
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The above specifications do not include water-gas tar creosote, 
which is only at present writing (1909) being introduced into the 
market; but the analyses on page 372 show that it is made up of 
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high boiling aromatic hydrocarbons, and when injected into wood 
should remain as well as, or perhaps better than, coal-tar creosote. 

Grade C allows a certain amount of added oil-tar creosote or prod- 
ucts of a similar nature. The amount of aromatic compounds in 
the oil, however, would be so high that it ought to be fairly efficient 
as a timber preservative. 

Grade D represents the poorest oils which can well be called creo- 
sotes and is not adapted for use with timbers where the minimum 
efficiency from impregnation is desired. Its use would be suggested 
for timbers where the cost of a high-grade creosote might be unde- 
sirable. 


ANALYSES OF EXTRACTED OILS FROM TIMBER THAT HAS 
BEEN IN USE. 


Distillation of extracted oils 
Creo- -4| Solid| 
Aver} sote 7 ee ae 
age | to ° _ _ | thra 
Samples ser- | the |205°| 205° | 245° | 270° | 320° | noe ae cene |p. , 
vice |cubic to to. 4 to LOW Rocelkenaet oil ne 
foot 245° | 270° | 320° | 420° eilucas from 
| 420° | dis- Ale. 
oe til- 
bee lates | 
iF —— 
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zr Conduit pipe...... 14.00] 8.74]5.08|27.23 10.46/27 .68/19 .03 9.93/23 -17|14.28 RA 
Average of 36 timbers 
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TABLE FOR 


COMPARISON OF SP. GR. AND BEAUME DEGREES. 


The figures of the third column (15.5°) are according to the American Standard. 
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AROMATIC ACIDS. 


BY EDWARD HORTON, B. Sc. 


The true aromatic acids form a well-defined and important group of 
substances containing a Lenzene-nucleus. Many of them occur ready- 
formed, either free or combined, in resins, balsams and essential oils, as 
well as in animal organisms; many are prepared synthetically from con- 
stituents of coal-tar. The most important series of aromatic acids 
bears the same relation to benzene and its homologues as the ali- 
phatic acids bear to methane and its homologues (paraffins), and the 2 
series of acids present many points of resemblance. Just as acetic 
acid may be regarded as the type of a fatty or aliphatic acid, so benzoic 
acid is representative of the aromatic or cyclic acids; whilst a parallel to 
acrylic acid may be found in cinnamic acid, to glycollic and lactic acids 
in salicylic acid, to succinic acid in phthalic acid, and so on. The 
following tabular arrangement renders these analogies more evident: 


Fatty (aliphatic) acids Aromatic (cyclic) acids 

Ormicr mr ctrase ees «eee H.COOH | Benzoic (phenyl-formic)........... CeHs.COOH 
FNCU Steyn: slowed ciehe ie niceee Slats CEs: COOH, Mole yAcraaiss ox een eto atelsvete soe C7H7.COOH 
BTC DtOmne sete 9 oc) Aes ee ys Gebigs COOH | eXeylicsansccmarieseoe scree se em CsHs.COOH 
NON VIC peace exsaray cites sear eLenaile C2H3.COOH | Atropic (q-phenyl-acrylic) 

; Cinnamic (B-phenyl-ac- } . .C6Hs.C2H2.COOH 

a tylic) y) 

IP TOPLOUCh ees eithan ToS Sie CoH COOH | Phenyl-propiolic ..5....3.5.. CeH5.C2.COOH 
Givecolliowe. seine. CH2(OH).COOH | Salicylic(hydroxybenzoic). ....CsH4(OH) .COOH 


GIvyORVHC aan cece me on CH(OH)2.COOH | Protocatechuic aes _...CsHs(OH)2.COOH 


oxybenzoic) 


Gallic (trihydroxybenzoic) CeH2(OH)3.COOH 


SEV UHTIC so oerrainicc C3H4(OH)3.COOH coon 
(coon Phthalic a. phate em Ce { GOOCH 


SteciniGarn. cicuvecneee a. CoH: 
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All, or nearly all, the aromatic acids in the foregoing table may be 
extracted by ether from their aqueous solutions. When heated with 
lime, they split up into carbon dioxide and benzene, hydroxybenzene, 
or homologues or analogues thereof. Thus:— 


Phthalic acid.............CsH6O,=CO2+C,H6O2z, Benzoic acid. 
IBENZOICTACIGM IS cae eae es C,HeO,=CO2+C6H6, Benzene. 
MONIC rACI Ge ienega ote clei ayes CsHg0,=CO.2+C,Hs, Toluene. 
Cinnamic acid............CyHgO2.=CO2+CgHs, Cinnamene. 
SALIGYIIGACEg ore ots ais sree) Ve C,HsO;,=CO.+CeH6O, Phenol. 
Guesoine Gleteln cess unos se CsHg0,;=CO2+€C,Hg0, Cresol. 
Protocatechuic acid....... C,H6O,=CO.+Ce6H6Oz, Catechol. 
Callic acid Semeenm cern: C,H6O;, =CO2+C6H6O3, Pyrogallol. 


In connection with the true aromatic acids, all of which contain 1 or 
more carboxyl-groups, CO.OH, the phenolsulphonic acids and certain 
allied compounds may be conveniently considered.‘ The chief 
aldehydes, salts, and esters of the aromatic acids are also described in 
this section, as also are related substances, such as saccharin and aceto- 
phenone. The various substances are classified under the following 
groups: 

Sulphonated Phenols and their Allies. 
Benzoic Acid and its Derivatives. 
Cinnamic Acid and its Derivatives. 
Salicylic Acid and its Allies. 
Protocatechuic Acid and its Allies. 
Gallic Acid and its Derivatives. 
Phthalic Acids. 


SULPHONATED PHENOLS AND THEIR ALLIES. 


By the. action of concentrated sulphuric acid, phenol may be con- 
verted into compounds in which 1 or more of the hydrogen atoms of the 
benzene-nucleus are replaced by SO,H groups. The sulphonic acids 
thus obtained usually form soluble barium salts, and hence may be 
separated from any sulphuric acid which has not entered into the reac- 
tion by treating the aqueous solution of the product with excess of 
barium carbonate and filtering. 

The phenol-sulphonic acids may also be conveniently separated 


1 Except the sulphonic acids and quinolinic acid (which is a member of the heterocyclic 
group), all the acids described in this chapter are members of the true hexacarbocyclic series. 
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from the crude product by diluting this with water and saturating the 
liquid with common salt, when the sulphonic acids separate out as 
crystalline sodium salts, which may be purified by recrystallisation. 

The homologues of phenol, the dihydroxy and trihydroxy phenols, 
and other analogous substances, also form sulphonic acids by treatment 
with concentrated sulphuric acid, the resultant compounds all being split 
up with formation of the original phenolic substances when heated with 
concentrated hydrochloric acid at a temperature between 100° and 200°. 
This general reaction is valuable, as the various isomerides and homo- 
logues may usually be separated with comparative facility by fractional 
crystallisation in the form of salts of their respective sulphonic acids, 
and the phenols then regenerated by treating these sulphonates with 
hydrochloric acid. 


PHENOL SULPHONIC ACIDS. 


When phenol is treated with concentrated sulphuric acid it is con- 
verted into a mixture of sulphonic acids, the composition of which 
varies with the conditions (Kekulé, Ber., 1869, 2, 330; Engelhard and 
Latschinow, Zeitsch. Chem., 1868, 4, 77; Post, Ber., 1875, 8, 1547; 
Obermiller, Ber., 1907, 40, 3623). To obtain the ortho-acid the 
reaction is carried out at the ordinary temperature, but even under the 
most favourable conditions 3 parts of the para- are formed with every 
2 parts of the ortho-acid, whilst a considerable amount of the phenol 
remains unattacked (Obermiller). By working at 100° to 110° the 
phenol-o-sulphonic acid is almost completely transformed into the 
para-isomeride. A small quantity of the meta-acid is also formed and, 
in the presence of a large excess of sulphuric acid, some phenol 2 : 4- 
disulphonic acid is produced.* 

The ortho- and para-acids are most readily separated by the frac- 
tional crystallisation of their barium and magnesium salts. (Ober- 
miller.) 

The following table shows the characters of the 3 isomeric phenol- 
monosulphonic acids and some of their salts: 


1 Similar series of substances, the cresol and xylenol-sulphonic acids, are obtained by the 
action of strong sulphuric acid on cresol (Claus and Kraus, Ber., 1887, 20, 3089; Hantke, 
ibid., 3209) and xylenols, respectively. In the sulphonation of m-cresol, whatever 
the conditions, only one mono-sulphonic acid is obtained. By employing a larger propor- 
tion of sulphuric acid a di-sulphonic acid is formed, and by heating the cregol to 180° wit 
fuming sulphuric acid, a fri-sulphonic acid is produced. When o-cresol is heated with 
sulphuric acid to 100° only o-cresol-p-sulphonic acid is formed, but at the ordinary tem- 
perature o-cresol-m-sulphonic acid is also produced. When the concentrated aqueous 
solution of the latter acid is heated, it is converted into the former acid. 
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Ortho-acid | Meta-acid Para-acid 
H(}) OH(?) f§ OH) 
CoHe{ SO) | Coa { Soa) CoH) SOsH (4) 
Free acid.s..s..2:- Atordinarytempera- | Crystallises in fine | Syrupy liquid; or hy- 
ture, liquid; sp. needles containing drated, highly deli- 
gr. r.400. Crys- | 2H20. quescent needles. 


tallises at 8° to 10°, 
and boils at 130°. 


Potassium salt..... Melts at 240°, resolid- | Meltsat 200° to 210°. | Melts at 400°. An- 
ifying to a vitreous Confused efflores- | hydrous elongated 
mass. Long, flat cent microscopic | hexagonal tables. 
prisms containing needles or scales | Moderately soluble. 
eae Very sol- containing 1H:20O. 
uble. | 

Sodium salt........ Indistinct crystalline | Flat needles or rhom- | Long prisms contain- 
masses containing | bictablescontain- | ing 2H2O 
x 1/2 He | _ ing 1H20 

Baniumisaltiian« 2. Indistinct crystalline | Smallamineofmicro | Long silky matted 
masses containing scopic needles con- needles containing 
2H20. Very sol- taining 1/2 H:2O 3H20. 
uble. | _ Easily soluble. 

Mead Saltese on ssn Indistinct tables con | Large rhombic tables | Long bundles of nee- 
tainlfing 1H,0. containing 3H20 dles containing 
Very slightly sol- 2H20.. Basic _ salt 
uble. nearly insoluble. 

Capricssalitae. cic 2" Pale blue prisms. | Thin bright green | Deep blue plates, re- 


rhombic prisms sembling cupric sul- 
containing 6H20. phate. Contains 
10H20. 


The phenol-sulphonic acids are very stable substances and are not 
decomposed by boiling with alkali hydroxides. 

By heating the free phenol-sulphonic acids or their salts with 
hydrochloric or dilute sulphuric acid under pressure, they are all de- 
composed completely with more or less facility, phenol being repro- 
duced: Ce>H,(OH)SO,K+H,O0=C,H,.OH+KHSO,. 


PHENOL-o-SULPHONIC ACID. 


This substance has been employed as an antiseptic under the 
names asepiol, sozolic acid, and sulphocarbol, but Obermiller (loc. cit.) 
states that aseptol, which is sold as a 33% aqueous solution of phenol-o- 
sulphonic acid, really consists of a solution of the impure para-acid 
containing about 6% of the ortho-acid. 

When the potassium salt is heated with potassium hydroxide at 250° 
it yields catechol. Contrary to Kekulé’s statement, Obermiller finds 
that phenol-o-sulphonic acid is not converted into the para-acid on 
boiling its aqueous solution. It has very little corrosive action, is 
practically non-poisonous, and is said to have an antiseptic action 3 
times as powerful as that of phenol, whilst the sodium salt is still more 
energetic. 
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PHENOL-m-SULPHONIC ACID. 


A small quantity of this acid is stated by Obermiller to be formed in 
the direct sulphonation of phenol. In quantity it is prepared by 
heating benzene-m-disulphonic acid with aqueous potassium hydrox- 
ide solution at 170-180° (Ber., 1876, 9, 969). 

When heated at 250° with potassium hydroxide phenol-m-sulphonic 
acid gives resorcinol. 


PHENOL-/-SULPHONIC-ACID. SULPHOPHENIC ACID. 


This acid, known also commercially as sulphocarbolic acid, is a 
powerful antiseptic and its solutions coagulate albumen. By heating 
it at 250° with potassium hydroxide, phenol-p-sulphonic acid is con- 
verted not into quinol but into resorcinol. When oxidised with man- 
ganese dioxide and sulphuric acid it yields quinone. 

Sodium phenol-p-sulphonate, NaSO,.C,H,.OH, is prepared by 
double decomposition from the barium salt, and is the sodium sul- 
phocarbolate of the Pharmacopeeias.'' It forms transparent rhombic 
crystals containing 2H,O, which are readily soluble in water, and have 
a cooling, saline, slightly bitter taste. The salt is permanent in the air, 
but becomes anhydrous at 1oo°. At a higher temperature it evolves 
phenol and leaves a residue of sodium sulphate and sulphite amount- 
ing to 30.6% of the weight of the crystallised salt. 

_ Aluminium phenol-p-sulphonate, Al[O.SO,C;H,OH],; may be 
prepared by double decomposition. It is very soluble in water, 
alcohol, and glycerol, and the solutions can be kept unchanged. The 
salt has been introduced under the name of ‘‘Sozal” as a material for 
antiseptic dressings. 

Zinc phenol-p-sulphonate forms transparent efflorescent prisms 
or plates containing 7H,O (8H,O, United States Pharmacopceia, eighth 
Rey.). It also occurs as a white powder. It should leave 15.08% 
(14.6%, United States Pharmacopeceia, eighth Rev.) of zinc oxide 
on strong ignition. The probable impurities are sulphates, chlorides, 
compounds of the light metals, and free phenol. If prepared by the 
British Pharmacopceia process, a notable quantity of sulphate is certain 
to be present.” 

1 Sodium phenol sulphonate, United States Pharmacopceia, eighth Rev. 

2 The British Pharmacopoeia of 1885 directed the salt to be prepared ‘‘ by heating a mix- 
ture of carbolic acid and sulphuric acid, saturating the product with oxide of zinc, evapora- 
ting and crystallising.’’ The solution of the product was stated to be “only rendered 
faintly turbid’’ by barium chloride. The description in the B. Pharmacopceia of 1898 is 


even more discreditable, for whilst omitting the words ‘“‘evaporating and crystallising,” it 
describes the product as giving ‘‘ only the slightest reactions with the tests for sulphates.” 
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Reactions of the Phenolsulphonic Acids and Phenolsulpho- 
nates.—The salts of all 3 phenolsulphonic acids give a deep purple 
colour with ferric chloride solution. The colour is discharged by 
acids. The same reaction is observed with salicylic acid and 
its salts. 

When a solution of phenol-p-sulphonic acid is boiled for some 
minutes with an equal volume of strong nitric acid and the solution 
neutralised with potassium hydroxide solution, a yellow colour due to 
the formation of potassium picrate, is produced. In this way 1 part 
of the acid can be detected in 50,000 parts of water. Phenol gives the 
same reaction. 

Addition of bromine to a solution of phenol-p-sulphonic acid or 1 of 
its salts gives a precipitate of tribromophenol. Although phenol itself 
gives this reaction, the liberation of sulphuric acid from the sulphonic 
acid enables this to be detected in the presence of phenol. 

The phenol-p-sulphonates may be recognised by the tests for phenol-p- 
sulphonic acid: already described. The phenol-p-sulphonates of the 
alkalies if ignited alone, or those of other metals if ignited with sodium 
carbonate, leave a residue containing sulphate. This reaction, 
the formation of sulphate by treatment with bromine or boiling 
with nitric acid, and non-extraction by ether from acidified solutions 
are characters which distinguish the phenol-f-sulphonates from 
salicylates. 

The presence of unconverted phenol in phenol-p-sulphonates may 
be detected by acidifying the solution with dilute sulphuric acid and 
agitating the liquid with ether or chloroform. The phenol left on 
spontaneous evaporation of the ether may be detected by its odour and 
by the yellow colour developed on warming with nitric acid and then 
neutralising with potassium hydroxide. A faint colour should be 
neglected, as it may be due to a trace of phenol-p-sulphonic acid dis- 
solved by the ether. 

The barium, calcium, and lead salts of phenolsulphonic acid are 
more or less soluble. Hence sulphuric acid and sulphates may be 
readily detected and estimated by addition of barium chloride to the 
original solution. Bariwm and calcium salts may be detected in 
phenolsulphonates by dilute sulphuric acid and ammonium oxalate, 
respectively. ; 

Estimation.—The estimation of phenol-p-sulphonic acid may be 
based on the reaction with nitric acid, the sulphuric acid produced 
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being precipitated and weighed as barium sulphate and thence the 
weight of sulphonic acid calculated. 

According to Hiibener (Chem. Zeit., 1908, 32, 485) the reaction of 
bromine with phenolsulphonic acid is incomplete. But by boiling 
the sulphonic acid with a saturated solution of bromine in hydro- 
chloric acid the sulphonic group is completely eliminated and may be 
estimated in the filtrate (the tribromophenol is removed by filtration) 
in the usual way. 

Obermiller gives the following directions (Ber. 1909, 42, 4361). 
The phenolsulphonate (0.2 to o.3 grm.) together with 0.6 to 1.0 grm. 
or barium chloride is dissolved in 100 c.c, of water containing 10 c.c. 
of hydrochloric acid (sp. gr. 1.19). The liquid is heated to between 
60° and 65° and slowly treated with a solution containing 1 grm, of 
potassium bromate and 5 grm. of the bromide per 100 c.c., until a faint 
persistent yellow colour is produced. A small quantity of an alcoholic 
solution of phenol is added to remove the excess of bromine, and then 
sufficient alcohol to dissolve the tribromophenol, The liquid is 
boiled and decanted whilst hot from the barium sulphate, which is 
repeatedly washed by decantation with 59% alcohol, and then with 
water. It is finally filtered and weighed. 


PHENOLPOLYSULPHONIC ACIDS. 


By digesting phenol at 100° with a considerable excess of fuming 
sulphuric acid, phenol 2 : 4-disulphonic acid is produced, whilst phenol 
2:4:6-trisulphonic acid is formed when phenol is heated under pressure 
with sulphuric acid and phosphorus pentoxide. 

The polysulphonic acids give a deep red colour with ferric chloride 
solution. 

Phenol 2 : 4-disulphonic acid is employed in Grandval and Lajoux’s 
method (Compt. rend., 1885, 101, 62) of estimating nitrates in water. 
(Compare also Gill, Tech. Quarterly, 1894, 7, 55.) 

A sodium mercuric phenol, 2:4-disulphonate, said to have the con- 
stitution Cs5H ,(OHg) (SO,Na)., is used under the name Hermophenyl 
as an internal antiseptic." 

1 Cosaprine is the sodium salt of the sulphonic acid of acetanilide. It has the constitu- 
tion CsH4(NH .CO.CHs) (1)SO3Na) (4) and may be regarded as sodium phenol-p-sulphonate in 
which the hydroxyl-group has been replaced by an acetamino-group. It is an odourless, 
white, amorphous powder, of saline taste. It is a strong antipyretic, and presents the 


practical advantage of being readily soluble in water. Its solution should give no precipi- 
tate with barium chloride. 
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IODOPHENOL-/-SULPHONIC ACIDS. 


When 1 molecule of iodine (in the form of a mixture of potassium 
iodate and iodide) is added gradually to 1 molecule of potassium 
phenol-p-sulphonate dissolved in excess of dilute hydrochloric acid, 
iodine at first separates, but is quickly reabsorbed, and after a short 
time the liquid sets to a dense mass of long thin prisms of potassium 
2:6: diiodo-phenol-4-sulphonate, Co6H,I1,(OH).SO,K+2H,0. This 
salt requires about 50 parts of water for solution, and when heated 
decomposes without melting at about 270°, with evolution of violet 
vapours of iodine. It yields with potassium hydroxide an extremely 
soluble basic salt, CsH,I,(OK).SO,K. The sodium salt (normal) 
forms a white crystalline powder containing 2H,O, and is infusible 
at 200°. It is odourless, has a faintly acid taste, is soluble in 13 parts 
of cold water and more readily in hot, and is also soluble in alcohol. 
The magnesium, aluminium, zinc, and lead salts are readily soluble 
in water and glycerol, but the silver and mercury salts are but slightly 
soluble. The barium salt is only slightly soluble in cold water, from 
which it crystallises in white glistening needles. The zinc salt forms 
long colourless needles, and the copper salt pale green monoclinic 
prisms. 

2:6-Diiodo-phenol-4-sulphonic acid is prepared commercially 
in the free state by treating diiodobenzene with fuming sulphuric 
acid, saturating the diluted liquid with lead carbonate, filtering, and 
decomposing the soluble lead salt by hydrogen sulphide. On concen- 
trating the filtered liquid, the acid is deposited in crystals which melt 
at 120° and decompose at 190° with liberation of iodine.* 

Diiodophenolsulphonic acid (+3H,O) contains 52.9% of iodine, is 
odourless, and isa useful substitute foriodoform. Both the free acid and 
its salts possess well-marked antiseptic properties and are employed in 
medicine under the name of “‘Soziodol.”’ “‘ Easily soluble soziodol”’ is the 
sodium salt, and is commonly given in solution, whilst the potassium 
salt forms the “‘difficultly soluble” modification (Pharm. J., 1888, 
[iii], 18, 538, 621, 1006). The potassium and zinc salts are used in 
ointments. The mercury salt has been employed as a hypodermic 
injection in cases of syphilis. 


1In preparing the diiodo-acid, a certain amount of mono-iodophenolsulphonic acid is 
produced. This substance forms thick, colourless, rhombic crystals, and yields barium and 
calcium salts which are readily soluble in water. 
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PHENYLSULPHURIC ACID. PHENYL HYDROGEN 
SULPHATE. 


/ OH 


C.oH_SO,,; 2. e., (C6H;)HSO,; or SO, 

OC¢H; 

This acid is isomeric with the phenol-monosulphonic acids, CsH,- 
(OH)SO,;H. It occurs together with its homologue cresyl-sulphuric 
acid, (C,H,)HSO,, as a potassium salt in the urine of the horse and 
other herbivora. ‘These salts also occur in considerable quantity in 
human urine after taking carbolic acid, and traces are normally 
present. During exhibition of phenol the inorganic sulphates ordi- 
narily present in urine are greatly reduced in amount or even wholly 
disappear, being converted into phenyl-sulphates. The quantity of 
sulphur existing in normal human urine in the form of phenolic and 
other ethereal sulphates averages one-tenth of that present as metallic 
sulphates. The ethereal sulphates are represented by the potassium 
salts of phenyl-sulphuric acid, indoxyl-sulphuric acid, skatoxyl-sul- 
phuric acid! and similar compounds of catechol and quinol. E. Bau- 
mann (Ber., 1876, 9, 55) has shown that if the inorganic sulphates be 
first precipitated by acidifying the urine with acetic acid and warming 
the diluted liquid with excess of barium chloride, the filtered liquid will 
contain any cresyl-sulphates and phenyl-sulphates which may be 
present. On strongly acidifying the filtrate with hydrochloric acid 
and boiling it for 1 hour the phenolic sulphates will be decomposed, 
barium sulphate being precipitated together with resinous matter, 
from which impurity it may be freed by washing with hot alcohol.? 
On subsequently distilling the acidified urine the distillate contains 
distinct traces of phenol, directly recognisable by the bromine test (See 
p- 298), and if the distillate be shaken with ether and the ethereal 
solution separated and cautiously evaporated, the residue gives a 
distinct blue colouration with ferric chloride (Vol. 3). On the con- 
trary, from the original urine no phenol can be extracted by agitation 


1 These compounds are fully described in Vol. 7. : : 

2 If the filtrate be evaporated to dryness, and the residue fused with nitre, an additional 
quantity of sulphuric acid is formed corresponding, in human urine, to 10-20% of the total 
sulphur excreted, but rising in anomalous cases to a larger proportion. The unoxidised 
sulphur exists in the urine partlyin the form of cystin,a substance having the composition 
CseH12N2820,; but a portion is excreted in the form of thiocyanates. 
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with ether, a behaviour evidently due to the fact that the phenyl- 
sulphates are not decomposed till the urine is heated with acid." 

Baumann (loc. cit.) has actually isolated potassium phenyl-sulphate 
from horses’ urine by the following process: The liquid is evaporated 
at a low temperature, the residue extracted with alcohol, and the filtered 
liquid concentrated to a syrup and allowed to stand in a very cold place. 
The crystalline plates which form are filtered off, dried, and purified 
by recrystallisation from strong spirit. The pearly-white tables ob- 
taned consist of potassium phenyl-sulphate. L. Brieger treats fresh 
urine with neutral acetate of lead in excess, filters, and treats the 
filtrate with basic lead acetate, The lead is removed from the filtered 
liquid by hydrogen sulphide, and the filtrate evaporated to a thick 
syrup and kept for some time in a vacuum, ‘The potassium phenyl- 
sulphate forms plates which are recrystallised from hot absolute alcohol 
(Zeit. physiol, Chem., 1884 [iv], 8, 311). 

Potassium Phenyl-sulphate, (Cs;H,)KSO,, may also be prepared 
by the action of potassium phenoxide on potassium pyrosulphate: 
(C6H,)OK + K,S,0, = K,5O,+ (C6H;) KSO,. It crystallises in 
transparent rhombic tablets which feel greasy to the touch. It is 
readily soluble in water and sparingly soluble in cold absolute alcohol, 
but dissolves somewhat more readily in boiling alcohol. The aque- 
ous solution exhibits a fine blue fluorescence. 

Potassium phenyl-sulphate decomposes on exposure to moist air, 
sometimes in a few minutes, into phenol and potassium hydrogen 
sulphate. A similar change occurs by boiling the aqueous solution for 
a few hours or warming it for a few minutes with dilute hydrochloric 
acid, but it is not affected by acetic acid. On the other hand, potas- 
sium phenyl-sulphate is stable in presence of alkalis, and is only 
gradually attacked by potassium hydroxide at 150°. When the solid 
salt is heated to 150°-160° in absence of moisture it is converted into 
the isomeric potassium phenol-p-sulphonate. ; 

Phenyl-sulphates are readily distinguished from phenol-sulphonates 
by the formation of phenol and a sulphate on heating the solution with 
hydrochloric acid. When solid potassium phenyl-sulphate is quickly 


1 E. Davies has described a specimen of urine passed by a person recovering from poisoning 
by carbolic acid (Pharm. J., 1883, (iii), 14, 473). It was almost black in colour, and on 
distillation with sulphuric acid gave a distillate containing both phenol and cresol. The 
phenol was recognised by the odour, the reaction with ammonia and sodium hypochlorite, 
and the formation of an abundant precipitate of tribromophenol (of characteristic crystalline 
form) and (tri) bromocresol on adding bromine. Only a trace of phenol distilled over when 
the addition of sulphuric acid was omitted, and no phenol could be extracted by ether. 
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heated to fusion, and then dissolved in water, the solution gives a 
ruby-red colour with ferric chloride. 

Free phenyl-sulphuric acid is so unstable that its aqueous or alcoholic 
solution decomposes almost immediately. It has never been isolated. 


NAPHTHOL SULPHONIC ACIDS. 


The practical application of the various acids obtained by the 
sulphonation of a- and -naphthol is chiefly confined to the production 
of colouring-matters. Hence their preparation and characters are 
described in Vol. 5. 

Asaprol or Abrastol is calcium /-naphthol-a-sulphonate, [C,.H¢- 
(OH)(SO,)],Ca+3H,O. It forms an odourless, crystalline, bitter 
powder, neutral in reaction, and soluble in water and alcohol, but not in 
ether. Asaprol is non-toxic, and is recommended (in doses of 4 grm.) 
as an antithermic in typhoid fever and articular rheumatism. It is 
also used as a clarifier and antiseptic in wines. 

Qualitative Tests and Detection.—The following reactions are 
described by Vitali (Boll. chim. farm., 1908, 47, 291). Abrastol gives 
a red colour with mercuric nitrate, a fine green fluorescence when 
treated with sulphuric acid and formaldehyde, a blue colour with ' 
Froehde’s reagent, and a green tint with the vanadium-sulphuric acid 
reagent, all of which reactions can be observed with 0.0001 grm. of the 
substance. A solution of abrastol (0.1%) gives a blue colour with 
ferric chloride solution, a green colour with a blue fluorescence when 
chlorine water and a little ammonia are added, and an intense red 
colour changing to violet when the residue from the evaporation of 1 c.c. 
is treated with potassium nitrate solution and excess of sulphuric acid. 
Potassium nitrate solution gives a yellow colour which changes to green 
on evaporation and to blood-red on adding sulphuric acid. When 
evaporated to dryness with mercurous nitrate solution 1 c.c. of a.0,01% 
solution of abrastol leaves a residue having a fine violet-red colour. 
Abrastol gives a yellow colour with sulphuric acid and, in very dilute 
solution, a fine blue fluorescence with alkalies. 

According to Salomone (Giorn. Farm. Chim., 1906, 55, 481) a solu- 
tion of abrastol, when treated with red fuming nitric acid, gives a 
ruby-red colouration not extracted by ether or chloroform. After 
some hours, or immediately on adding alkali, the colour changes to 
yellow. With a solution containing only 1 part of abrastol in 300,000 

Vor, L1l.—26 
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of water the reaction appears after a few minutes, especially if the 
liquidiswarmed at 40 to 50°. Ifa small crystal of sodium hyposulphite - 
is added the red colour changes to blue, violet, dark-green, and finally 
yellow, whilst with a crystal of sodium sulphite it changes immediately 
to yellow. Addition of stannous chloride solution, followed by a few 
drops of hydrogen peroxide or ammonium persulphate solution, 
changes the ruby-red colour to a reddish-violet which is intensified by 
adding sulphuric acid. 

To detect abrastol in wines, Salomone extracts 25 to 50 c.c. of the 
sample with 15 to 30 c.c. of amyl alcohol containing a little ammonia, 
evaporates the extract, and tests the residue as above. Or the residue 
may be fused with sodium, the product dissolved in water, and the 
solution tested for alkali sulphide with sodium nitroprusside (distinc- 
tion from naphthol). 

To detect asaprol or abrastol in red wine, A. Sanna Pintus (Staz. sper. 
agrar. ital., 1900, 33, 274) Shakes 10 c.c. of the cold sample with 2 grm. 
of animal charcoal, and adds to the filtered liquid an equal volume 
of a solution of mercuric nitrate containing nitrous acid (prepared by 
dissolving 10 grm. of mercury in 9.7 c.c. of nitric acid of 1.42 sp. gr. 
and adding 3.5 c.c. of water to the solution). In the presence of 
abrastol, an immediate yellow colouration, with a golden fluorescence, 
is produced, the colour changing to rose on exposure to the air for a 
few minutes. In the case of white wines the preliminary treatment 
with animal charcoal is unnecessary, and the test in that case is 
capable of detecting 0.01% of the antiseptic. (See page 259.) 

Gabutti (Staz. sper. agrar. ital., 1904, 37, 234) states that o.1 grm. 
of abrastol in 1 litre of wine can be detected by extracting 100 c.c., pre- 
viously made alkaline with a few drops of ammonia, with 10 to 15 c.c. 
of amyl alcohol, filtering and evaporating the alcoholic extract, dis- 
solving the residue in phosphoric acid (sp. gr. 1.7), heating with a few 
drops of concentrated formaldehyde solution, and filtering. In the 
presence of abrastol, the filtrate shows a green fluorescence. 

According to Carletti (Boll. chim. farm., 1909, 48, 223) when a 
solution of as little as 0.00005 grm. of abrastol in concentrated sul- 
phuric acid is treated with a few drops of a 10% aqueous or alcoholic 
solution of tartaric acid and gently warmed, an emerald-green coloura- 
tion is produced. This reaction has the advantage over that with 
ferric chloride of being unaffected by organic acids. 

Other methods of detection are described by Sanglé-Ferritre (Compt. 
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rend., 1893, 117, 796), Sinabaldi (Monit. Scient., 1893, 7, 842), and 
Briand (Compt. rend., 1894,, 118, 925). (See p. 259.) 

HYDROXYQUINOLINE SULPHONIC ACIDS. 


Several sulphonated compounds derived from quinoline have been 
recently recommended as internal antiseptics. The following are the 
more important of these preparations: 


Diaphtol or Quinaseptol, C,H.N(OH)(SO,H). 

Diaphterine or Oxyquinaseptol, (C,HsN.OH),.Cs6H,.OH.SO,H. 
Hydrargyraseptol, C,H,N(OH)SO,Hg+2NaCl. 
Loretine, C,H,IN(OH)SO.H. 


Diaphtol is hydroxyquinoline-3-sulphonic acid, diaphterine is a 
compound of 2-hydroxyquinoline (2 mols.) with phenol-o-sulphonic 
acid (x mol.), while the last of the above compounds is a 3-iodo-2-hy- 
droxy-quinoline sulphonic acid. It forms an odourless, yellow powder, 
insoluble in water and only slightly soluble in alcohol, ether, or oils. 
The sodium salt, known as ‘‘ soluble loretine,’’ dissolves in water with 
orange colouration. Both this compound and the free acid are pow- 
erful antiseptics used in surgery. 


BENZOIC ACID AND ITS DERIVATIVES. 


Benzoic acid is the central member of a group of highly interesting 
bodies, a considerable number of which possess more or less practical 
interest. They all contain the radical benzoyl, C,Hp6O0=CoH,.CO 
=Bz, either intact or substituted.‘ In the following compounds 
the benzoyl radical exists intact: 


Benzoic acid (phenyl-formic acid) ....C6H;.CO.OH 

Benzoyl chloride (benzoic chloride). ..C6H;.CO.Cl 

Benzoyl hydride (benzaldehyde)......C6H;.CO.H 

Benzoyl methide (acetophenone) ..... Ce6H;.CO.CH; 
Benzoyl-glycocoll (hippuric acid)... ..Co6H;.CO.NH.CH,.CO.OH 
IBenzOyl-ecPOnIne. oe. snes 1. ootacia la. « Co6H;.CO.CyHi4NO; 
Benzoyl-methylecgonine (cocaine)... .C6H;.CO.CyH13(CH3)NO; 
Benzoyl-acetyl-aconine (aconitine)... .C6H;.CO.(C2H;0)C2;H39NOg 


In the following allies of benzoic acid substitution occurs in the 
benzoyl radical itself: 
1A colour reaction for the detection of the benzoyl group in .organic compounds has 


been described by G. Denigés (Analyst, 1899, 24, 268). The indications are of very doubtful 
value. 
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Methylbenzoic acids (toluic acids).............-C6H,(CH;).CO.OH 
Hydroxybenzoic acids (salicylic acid, etc.) .......C6H,(OH).CO.OH 
Dihydroxybenzoic acids (protocatechuic acid)... .C6H,;(OH)..CO.OH 
Trihydroxybenzoic acids (gallic acid, etc.) ....... Co6H,(OH);.CO.OH 
Carboxylbenzoic acids (phthalic acids)........... C65H,CO.OH.CO.OH 
ING ErODeMZOlc ACIS cmseicmtetne «terete eines) ere eee CeH,(NO.,).CO.0OH 
PADaI A ODEMZOIG ACIS: .:e)evelel sys a bie oe ose evel aioe eel ee C6H,(NH,).CO.OH 
SU PMO WeMZOlOsACIES sara crsjens eieie «eros elgiriaaetetrdereets Co6H,(SO3,H).CO.OH 
Sul plamidobenZOicia Clas. .jaer-je1a 2 a /)e yi elon Laren 
Sper ashe.: H SNH 
Sulphamidobenzoic anhydride (Saccharin) Ce «co / 


Many of these substituted benzoic acids have received important 
applications and are described in detail in the sequel. 


BENZOIC ACID. 


Benzene-carboxylic Acid. Phenyl-formic Acid. 
CeHeOss or, Ceb:.COOH: 


Benzoic acid occurs ready-formed in gum benzoin, storax, and 
Tolu and Peruvian balsams, and in these and other resins also in the 
form of benzoic esters. It has also been found in the perfume known 
as ylang-ylang, in vanilla, in oil of jasmine, and in certain fruits, 
notably plums and cranberries. 

Benzoic acid is formed in numerous synthetic reactions, and is 
produced by the oxidation of a great number of organic bodies, in- 
cluding benzoic and cinnamic aldehydes, toluene, cumene, casein, 
gelatin, etc. 

From gum benzoin the benzoic acid may be obtained by sublimation, 
or by exhaustion of the powdered substance with carbon disulphide. 
It may also be extracted from benzoin by treatment with lime in the 
manner indicated on page 452.! Benzoic acid prepared from gum- 
benzoin by sublimation is often more or less coloured, and has an aro- 
matic odour. 

It is prepared commercially by oxidising benzyl chloride with 
nitric acid. 

Benzoic acid crystallises from hot water in white lustrous scales 
or friable needles, but its crystalline habit is greatly modified by 
traces of impurity, so that the impure substance has been several 

1 The British Pharmacopceia (1898) makes no mention of benzoic acid prepared from gum- 


benzoin by the lime process, though much of the purest commercial acid is obtained in this 
manner. 
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times mistaken for an isomeric acid. When quite pure, benzoic acid 
is almost, if not quite, odourless,1 but as met with in commerce it 
always has a well-marked odour, frequently smelling of benzoin, and 
sometimes of urine or almonds. 

Benzoic acid has a sp. gr. of 1.292, melts at 121°, and boils at 240°. 
It volatilises readily at a temperature much below its b. p., forming a 
beautiful feathery sublimate. The acid is somewhat volatile in a 
current of steam, and more or less with alcohol, benzene, and other 
volatile liquids. 

Benzoic acid has a sharp taste, and produces a peculiar irritation in 
the throat. The vapour has a penetrating aromatic odour, attacks 
the eyes, and provokes coughing. 

In cold water benzoic acid dissolves very sparingly, requiring 640 
parts at 0°, 408 at 15° and 281 at 25°.” In boiling water the solubility 
is rin 17 (1 in 15, United States Pharmacopceia). Benzoic acid is 
dissolved very readily by alcohol, ether, chloroform, amyl alcohol, 
benzene, petroleum spirit, carbon disulphide, and some fixed and 
volatile oils. 

Benzoic acid is employed in medicine and in the manufacture of 
colouring-matters. It possesses decided antiseptic properties, being in 
this respect, according to some observers, superior to salicylic acid, and, 
according to others, inferior. 

In the report of an investigation into the effects on digestion and 
health, of the presence of benzoic acid or sodium benzoate in food- 
stuffs, H. W. Wiley (U.S. Dept., Agric. Bureau. Chem., Circular No. 
39, 1908) states that both these substances are highly objectionable 
when taken internally, the evil effects being manifested by indigestion, 
nausea, headache, vomiting, loss of body-weight, etc. The im- 
portance of detecting any addition of benzoic acid to foods is therefore 
evident. 

The Referee Board appointed by the President of the United States 
carried out 3 independent tests during a period of 3 months and re- 
ported that benzoic acid and benzoates in moderate doses, such as 


14 specimens of benzoic acid prepared by different methods and carefully purified 
were found by Perry to lose odour as the purification proceeded, becoming quite odourless 
when strictly pure. The merest trace of benzyl alcohol, benzyl benzoate, or benzaldehyde 
imparted a marked odour to the acid. : 

2 The solubility of benzoic acid in water is much increased by the presence of certain salts, 
such as sodium phosphate. f ; < pst 

Sopium BENZENE-SULPHINATE is a compound obtained by dissolving benzoic acid in a 
concentrated solution of sodium sulphite. It is very soluble in water at the ordinary tem- 
perature, and the solution has been recommended as an antiseptic dressing for wounds. 
It is said to be more efficient than phenol, and to rank with mercuric salts and iodoform, 
without having the poisonous characters of the former or the disagreeable odour of the latter, 
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would be used in foods, were harmless and that there was no cumulative 
effect. 

Commercial Benzoic Acid.—The benzoic acid of commerce is 
liable to contain various impurities, some of which are due to its mode 
of preparation, whilst others are intentionally added as adulterants. 
Asbestos, boric acid, calcium carbonate and sulphate, sal-ammoniac, 
and sugar are among the more or less apocryphal additions of the latter 
class. 

Pure benzoic acid does not melt in boiling water, but some impurities 
impart this property to it, besides giving it greater solubility, and 
causing it to form smaller crystals of a different form from that usually 
assumed by the pure acid. On treating a sample of benzoic acid with 
ether, nearly all impurities and adulterants are left undissolved, except 
cinnamic acid, chlorobenzoic acid, and essential oil. 

Inorganic impurities in benzoic acid can be detected and esti- 
mated by subliming the sample, pure benzoic acid being readily and 

entirely volatile. If the residue chars on further heating, sugar or 
hippuric acid may be present. The former gives a smell resembling 
burnt bread, and the latter an odour of burnt feathers, and they may be 
readily distinguished in other ways. Boric acid is insoluble in ether, 
but dissolves in hot alcohol to form a solution which when kindled 
burns with a flame green at the edges. If this indication be obtained 
it should be confirmed by repetition on the residue left on dissolving the 
sample in ether, as chlorobenzoic acid might also give rise to a green- 
edged flame. 

Hippuric acid when present may be further detected by its incom- 
plete solubility in ether; by its charring when heated with strong sul- 
phuric acid; and by the evolution of ammonia which occurs when the 
sample is ignited with soda-lime. The last test may be employed 
quantitatively in the absence of ammoniacal salts. The proportion of 
hippuric acid may be approximately estimated by agitating the sample 
with dilute hydrochloric acid and light petroleum or chloroform, when 
any hippuric (or succinic) acid remains undissolved. Samples of 
benzoic acid containing hippuric acid usually have a urinous odour 
and redden or char when heated. 

Salicylic acid may be detected by the production of a violet coloura- 
tion with excess of ferric chloride. It may also be detected and esti- 
mated by treating the warm aqueous solution of the sample with 
bromine water which throws down the salicylic acid completely as a 


re 
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white, voluminous precipitate, whilst benzoic acid gives no reaction. 
(Compare page 475.) 

Cinnamic acid is said to be often present in considerable proportion 
in benzoic acid prepared from benzoin. It is best detected by its 
reaction with manganous salts (see page 437), and by the smell of 
bitter-almond oil produced on warming the sample with sulphuric acid 
and potassium dichromate. The presence of cinnamic acid lowers 
the m. p. of benzoic acid). 

According to A. Jorissen (Ann. Chim. anal., 1901, 6, 41), cinnamic 
acid can be detected in benzoic acid in the following way: 1 grm. of 
the sample is dissolved in 1o c.c. of boiling water, and the solution 
cooled and filtered. The crystals on the filter are gently pressed to 
expel the mother-liquor. The latter is transferred to a test-tube, 
treated with 4 c.c. of a 5% aqueous solution of uranium acetate, the 
tube closed with a cork, and the liquid exposed to light, direct sunlight 
if possible. In the presence of cinnamic acid, of which 1% can be 
thus detected, benzaldehyde is gradually formed and can be recognised 
by its odour. 

Chlorinated compounds are indicative of the presence of syn- 
thetic benzoic acid and should never be present in an acid prepared 
from natural sources. They may be detected by dissolving the 
sample in alcohol, moistening some asbestos with the solution, ignit- 
ing it, and placing a beaker moistened with silver nitrate over the 
flame. If chlorinated products were present, a milky deposit of silver 
chloride will be produced. P. N. Raikow (Chem. Zeit., 1898, 22, 20) 
states that if a portion of the sample be heated on a platinum wire over 
a bunsen flame, and the evolved vapours allowed to come into contact 
with a few drops of an alcoholic solution of phloroglucinol-vanillin 
contained in an inverted porcelain dish held over the flame, a red 
colour will be developed in presence of organic chlorinated compounds. 

Traces of hydrochloric and sulphuric acids are frequently present in 
commercial benzoic acid, owing to the method of preparation. 

Sugar is recognised by its insolubility in ether, ready solubility in 
cold water, and by the blackening which occurs when the sample is 
heated with strong sulphuric acid. When present in quantity it may 
be detected by the taste of the sample, and in smaller quantity by the 
taste of the residue left undissolved by ether or chloroform. 

Ammonium chloride (sal-ammoniac) is detected by shaking the 
sample with cold water, when a solution is obtained with which silver 
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nitrate gives white curdy silver chloride insoluble in nitric acid. This 
proves the presence of a chloride only; the presumption that am- 
monium chloride is present is confirmed if the sample evolves am- 
monia on treatment in the cold with alkali hydroxide. In presence of 
ammonium chloride and other ammoniacal salts, the soda-lime test 
for hippuric acid is inapplicable, unless the sample be first shaken with 
cold, moderately concentrated hydrochloric acid, in which ammonium 
chloride dissolves, whilst hippuric acid is nearly insolubl. 

Essential oil, which is very commonly present in benzoic acid 
made from gum benzoin, causes the samples to turn brown when 
warmed with strong sulphuric acid. Resinous and oily matters will 
remain undissolved, together with any mineral matters, on treating 
the sample with sufficient warm dilute sodium hydroxide solution to 
neutralise the acid. 

The odour of benzoic acid to some extent indicates its origin; 
but the acid from benzoin is sometimes imitated by mixing the prod- 
ucts from other sources with benzoin, and subliming the mixture; or 
by adding vanillin to artificial benzoic acid. According to Hager, 
(Pharm. Central, 1886, 26, 392), this factitious product may be detected 
by a mixture of solutions of ferric chloride and potassium ferricyanide. 
With the natural acid from benzoin, the colour of this reagent is 
changed from yellow to blue in from 1 to 3 seconds; whilst with the 
product obtained by subliming the artificial acid over resin, from 20 
seconds to 2 minutes are required. ‘The pure acid does not change the 
colour. 

The reduction of potassium permanganate has been proposed as a 
test for the origin of benzoic acid, but its indications have been proved 
to be fallacious. Ammonio-nitrate of silver has also been recom- 
mended, the test being used at a boiling heat. 

O. Jacobsen (Arch. Pharm., 1884, [ili], 22, 366) recognises the acid 
from gum benzoin by the presence of catechol, which he detects by con- 
verting the acid into a sodium salt, drying, and shaking with ether. 
The ether being separated and evaporated, the residue is dissolved and 
the catechol recognised by its reducing action on cold ammonio-nitrate 
of silver and by other reactions. 

Jacobsen has further investigated the nature of the substances ac- 
companying benzoic acid prepared from gum benzoin. On treating 
such acid with a solution of sodium carbonate, an oi remains undis- 
solved, smelling of vanillin and of phenol. This may be separated by 
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distillation into 3 fractions. The first, boiling between 200° and 210°, 
consists of methyl benzoate and guaiacol, which can be separated 
by cold dilute sodium hydroxide solution. The second and smaller 
fraction (boiling between 235° and 245°) when shaken with water 
yields catechol, whilst acetyl-guaiacol remains undissolved. The 
third and largest fraction (boiling between 280° and 330°) contains 
benzyl benzoate, benzophenone, and benzoyl-guaiacol, with traces of 
vanillin and other substances. On saponification with alcoholic potas- 
sium hydroxide, and agitation with water and ether, benzyl alcohol 
and benzophenone pass into the ethereal layer, whilst the alkaline 
solution contains benzoic acid and guaiacol. The 2 latter substances 
may be separated by adding sodium hydrogen carbonate till the 
liquid is alkaline to litmus, and then agitating with ether, which will 
dissolve the guaiacol only. 

Pure benzoic acid, when heated in a test-tube, sublimes completely 
without changing colour. It dissolves to a colourless solution in pure 
sulphuric acid, and if ignited with calcium carbonate, leaves a residue, 
the solution of which, in nitric acid, gives no opalescence with silver 
nitrate solution. Consequently, a sample which satisfies these 3 
tests can contain no likely impurity except salicylic and sulphuric 
acids, which can be detected as above. 

Qualitative Tests and Detection.—Strong solutions of soluble 
benzoates are precipitated on addition of hydrochloric acid, owing 
to the slight solubility of benzoic acid in water. (Succinates give no 
precipitate with hydrochloric acid; but hippurates, cinnamates, and 
salicylates react like benzoates. Sulphuric acid should not be sub- 
stituted for hydrochloric acid.) 

Sodium amalgam, metallic magnesium, or aluminium gradually 
reduce a slightly acidified solution of a benzoate, with production of 
the characteristic odour of benzaldehyde. 

Neutral ferric chloride precipitates neutral benzoates almost com- 
pletely as a light red, bulky, basic ferric benzoate, insoluble in acetic 
acid. Succinates give with ferric chloride a reddish-brown, cinna- 
mates a yellow, and hippurates a cream-coloured precipitate, meco- 
nates a deep red colouration, and salicylates a violet colouration. Ben- 
zoic acid is also distinguished from succinic and many other acids by 
not being precipitated by ammoniacal barium chloride in presence of 
alcohol. Magnesium benzoate is soluble in alcohol, but the succinate 
is insoluble. 
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For the detection of benzoic acid in foods, E. Mohler. (Bull. Soc. 
Chim., 1890, [iii], 3, 414) employs the reaction of hydrogen sulphide 
on an ammoniacal solution of symmetrical dinitro-benzoic acid 
(rt : 3: 5), whereby reduction takes place successively to amido- 
nitrobenzoic and diamidobenzoic acid. Inthe case of beer, for example, 
roo c.c. are rendered alkaline by sodium hydroxide and evaporated 
to a paste, which is acidified with hydrochloric acid, mixed with sand, 
and extracted with ether (20 c.c.). The ether is evaporated, and the 
residue moistened with sulphuric acid (2 c.c.), heated to 240° till 
acid vapours are evolved and charring takes place, when a few deci- 
grammes of sodium nitrate are gradually added till the liquid becomes 
colourless. The clear liquid formed is poured into excess of aqueous 
ammonia and a drop of ammonium sulphide added. The least trace 
of benzoic acid is at once indicated by the production of a yellow coloura- 
tion changing to reddish-brown. 

L. Robin modifies Mohler’s method as follows: 50 c.c. of the 
liquid (beer, wine, or cider) are mixed with a little ferric chloride 
solution and a little hydrochloric acid, and shaken with 40-50 c.c. of 
ether. The ethereal extract is washed twice with water and half of 
it is shaken with a solution of o.3 grm. of sodium hydrogen carbonate 
in a mixture of 20 c.c. of water and 5 c.c. of alcohol. The aqueous- 
alcoholic solution is separated, evaporated to dryness, and the residue 
heated with 5 c.c. of sulphuric acid and 10 drops of fuming nitric acid 
until sulphuric acid fumes are evolved. The acid liquid is then poured 
into 50 c.c. of cold water, the solution made ammoniacal and treated 
with a solution of ammonium hydrosulphide, drop by drop, shaking 
after each addition. In the presence of benzoic acid, an orange-red 
colouration commences to appear and develops rapidly. The addition 
of alkaline hydrosulphide should be arrested when the colour is first 
observed. It is claimed that o.oor grm. can be detected in this way 
(Ann. Chim. anal., 1909, 14, 53). 

For the detection of benzoic acid in butter G. Halphen (J. Pharm. 
Chim., 1908, [vi], 28, 201) has described a variation of Mohler’s 
method in which the reduction is effected by sodium sulphite. 

Halphen’s method has been modified by Robin (loc. cit.) in order 
to avoid emulsification when the butter is extracted. 25 grm. of 
the butter are melted and poured into a solution of 0.5 grm. of sodium 
hydrogen carbonate in a mixture of 50 c.c. of water and 15 c.c. of 
alcohol. The mixture is stirred by giving the beaker a circular move- 
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ment and allowed to stand for 10 minutes. The aqueous-alcoholic 
liquid (which should be alkaline to litmus) is then separated, treated 
with 7 to 8 drops of dilute sulphuric or hydrochloric acid, heated just to 
boiling, treated with a little tripoli, and poured on to a moistened 
folded filter, large enough to contain it entirely. The filtrate (filtra- 
tion must be repeated if necessary until the liquid is clear) is extracted 
with ether and the extract tested as already described. 

J. de Brevans (J. Pharm. Chim., 1909, [vi], 14, 438), for the detec- 
tion of benzoic acid or benzoates in foodstuffs, relies on the produc- 
tion of aniline blue when the acid is heated with aniline containing 
rosaniline hydrochloride. This author uses a mixture of equal parts 
of ether and light petroleum for the extraction. According to Halphen, 
the method is unsuitable for use in testing butter. ; 

K. Fischer and O. Gruenert (Zeitsch. Nahr. Genussm., 1909, I'75 
721) advocate the following method for the extraction of benzoic acid 
from flesh products: 50 grm. of the finely divided material are mixed 
with 100 c.c. of 50% alcohol, the mixture acidified with dilute sul- 
phuric acid and stirred for 30 minutes. It is then filtered through 
muslin, the solid pressed, the expressed liquid made alkaline, and all 
the alcohol expelled by evaporation on a water-bath. When the 
volume has been reduced to 50 c.c., 5 grm. of sodium chloride are 
added, the liquid acidified with dilute sulphuric acid and heated to 
boiling. After cooling, the liquid is filtered, the filtrate extracted with 
ether, the ethereal extract washed with water and evaporated at a 
low temperature. For the identification of the acid in the residue, 
these authors prefer to convert it into salicylic acid by fusion with 
sodium hydroxide, the latter being recognised by the ferric chloride 
reaction. It is stated that de Brevans’ test is useless for the detection 
of benzoic acid in meats and fats. 

Mlle. Anna Jonescu has recently (J. Pharm. Chim., 1909, [vi], 29, 
523) described a method of detecting benzoic acid by treating 1 c.c. 
of a solution (containing 1 grm. per litre) with 1 drop of officinal ferric 
chloride solution (1.28%) and 1 drop of a 0.3% hydrogen peroxide 
solution. The liquid, at first yellow, gradually (immediately on 
warming) assumes the violet colour characteristic of salicylic acid. 
The method, which cannot be employed in the presence of phenols, 
salicylic acid, or saccharin, is stated to be especially applicable to milk. 

Estimation. Volumetric Methods.—Benzoic acid is distinctly 
acid to methyl-orange, but this indicator cannot be employed for its 
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titration,as the end point is very indefinite. Benzoic acid is sharply 
mono-basic towards phenolphthalein and Poirrier’s blue, and may be 
accurately titrated by sodium hydroxide with the aid of either of these 
indicators. 

The benzoic acid, liberated if necessary by acidification, is dis- 
solved by repeated agitation with ether, chloroform, or benzene. 
After washing the ethereal solution with water, the benzoic acid may 
be estimated by adding alcohol and titrating with standard sodium 
hydroxide and phenolphthalein. 

Rebiére (J. Pharm. Chim., 1896, [vi], 3, 113) analyses metallic ben- 
zoates by carefully heating a known quantity with hydrochloric acid. 
The chlorine in the resultant chloride is estimated by titration with 
silver nitrate. The method is not well-suited for the analysis of lith- 
ium benzoate, owing to the ready volatility of the chloride, and is evi- 
dently inapplicable to ammonium benzoate. 

To estimate the benzoic acid, the salt is treated with an amount of 
decinormal sulphuric acid exactly sufficient to combine with the 
metallic base, the quantity of which is determined from the estimation 
of chlorine in the chloride. The liberated benzoic acid is then titrated 
with standard sodium hydroxide and phenolphthalein. 

As the result of a critical examination of the methods of estimating 
benzoic acid in foods W. von Genersich (Zeitsch. Nahr. Genussm., 
1908, 16, 224) concludes that it is most completely extracted with 
benzene. ‘To facilitate the penetration of the solvent, it is advantage- 
ous to subject fatty substances to a preliminary boiling with sodium 
hydroxide solution. One or two drops of phenolphthalein solution are 
added to an aliquot part of the benzene extract and the liquid titrated 
with N/io potassium hydroxide solution. (1 c.c. corresponds to 
0.0122 grm. of benzoic acid.) 

Gravimetric Methods.—Benzoic acid may be separated from fixed 
substances by sublimation, and may be estimated in gum benzoin 
by that means. 

Benzoic acid may also be approximately estimated, in the absence 
of interfering substances, by converting it into a soluble neutral ben- 
zoate, and precipitating the cold solution with lead acetate, avoiding 
excess. The precipitate is filtered off, washed once with cold water, 
then with proof-spirit containing 0.5% of acetic acid, and finally dried 
at 100° and weighed. Its weight, multiplied by 0.5432 gives the amount 
of benzoic acid present. 
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Neutral benzoates are precipitated tolerably perfectly by cupric 
acetate or sulphate, especially in presence of alcohol, and the action 
may be employed for the estimation of benzoic acid. 

After extracting the benzoic acid from its acidified solution with 
ether, sodium hydroxide or baryta may be added to the ethereal 
layer with constant agitation until the liquid is exactly neutral 
(to phenolphthalein). The ethereal layer (which will retain any 
benzaldehyde or essential oils) is separated and the aqueous liquid 
evaporated to dryness, the residue dried at 100°, and the benzoate 
weighed. 

F. M. Horn (Zeit. Chem. Ind., 1888, 2, 329) recommends the follow- 
ing method of estimating benzoic acid in milk: About 10 c.c. 
diluted with an equal volume of water is warmed with dilute hydro- 
chloric acid (1%) until it coagulates. After filtering and washing the 
precipitate with warm water, the filtrate is evaporated and the residue 
taken up in 50% alcohol. A few drops of ammonia are added to this 
solution after filtration, the excess boiled off, and the liquid exactly 
neutralised and treated with its own volume of absolute alcohol. The 
benzoic acid is precipitated with copper sulphate and weighed on a 
tared filter as copper benzoate. 

For the estimation of benzoic acid in catsup La Wall and Bradshaw 
(Amer. J. Pharm., 1908, 80, 171) recommend the following method : 
20 grm. of the sample are mixed with 5 c.c. of hydrochloric acid and 
25 c.c. of a saturated solution of sodium chloride, the mixture shaken 
for 5 minutes and poured on toa moistened filter. The residue cn the 
filter is washed with saturated salt solution until the filtrate and wash- 
ings amount to 100 c.c. The latter is shaken 3 times with chloroform, 
and the united extracts evaporated at ordinary temperature. The 
residue is dried to constant weight over sulphuric acid. It is usually 
white and crystalline, but if yellow and oily, it should be dissolved in 
ammonia, the solution acidified with sulphuric acid and the extraction 
with chloroform repeated. The estimation may be confirmed volumet- 
rically by dissolving the weighed residue in a little alcohol and titrat- 
ing with N/20 potassium hydroxide solution, using phenolphthalein 
as indicator. After titration it is advisable to divide the neutral solu- 
tion into 2 parts, 1 of which is tested for cinnamic acid by adding 
manganous sulphate solution, and the other for salicylic acid by add- 
ing excess of ferric chloride solution. Saccharin and salicylic acid if 
present in the catsup are extracted with the benzoic acid and must be 
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estimated separately, and the quantities found deducted from the total 
weight of the residue. 

Another method of estimating benzoic acid in catsup is described 
by Reed (J. Amer. Chem. Soc., 1907, 29, 1626), but this is a lengthy 
process and requires a flask of a special pattern. 


METALLIC BENZOATES. 


The metallic benzoates are mostly crystallisable and soluble in 
water and alcohol, but insoluble in ether. Some of them, such as the 
sodium and barium salts, are withdrawn from their solutions by animal 
charcoal, and calcium benzoate is decomposed by it, so that free 
benzoic acid can be extracted by treating the charcoal with ether. 

The general reactions and methods of analysing metallic benzoates 
have already been described above. 

Commercial benzoates are liable to contain much the same im- 
purities as benzoic acid (page 406), especially hippuric and chlorobenzoic 
acids, sulphates, and chlorides. The 2 former impurities may be de- 
tected by acidifying the solution of the benzoate with hydrochloric acid 
and agitating with ether. Benzoic and chlorobenzoic acids pass into 
the ethereal layer, whilst hippuric acid remains (undissolved) in the 
aqueous liquid. The chlorobenzoic acid or other organic chlorine 
compounds may then be detected by allowing the bulk of the ether to 
evaporate spontaneously, adding alcohol, igniting, and testing the prod- 
ucts of combustion for hydrochloric acid, as described above. 

Sodium benzoate, NaC,H,O,+H,0, crystallises in colourless 
needles. The salt is soluble in 1.7 parts of water at 15° if the acid 
used forits preparation were pure, but hasa lower and varying solubility 
if chlorobenzoate or hippurate be present. Sodium benzoate receives 
an extensive application in America in the preservation of articles of 
food (see page 405). 

Potassium benzoate, KC,H;0O,+3H,O, forms concentrically 
grouped needles. 

Lithium benzoate forms a crystalline powder or small shining 
scales, soluble in 4 parts of cold or 25 of boiling water and in 12 parts 
of cold or 1o of boiling alcohol. It is liable to contain the same 
impurities as sodium benzoate (see above) and lithium citrate (Vol. 1). 

Calcium benzoate, Ca(C,H,O.),.+3H.O, crystallises in granules 
or feathery needles, and is less soluble in hot water than in cold. 
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Manganous benzoate is soluble in water (distinction from cinna- 
mate). 

Ferric benzoate is obtained as a flesh-red precipitate by mixing 
solutions of neutral benzoates and ferric chloride. It is decomposed 
by washing with water into a soluble acid and an insoluble basic salt. 

Cupric benzoate, Cu(C,H,O,),+2H.O, crystallises from hot 
water in light blue needles or plates united in spherical masses. It is 
one of the least soluble of the benzoates. 

Lead benzoate is crystalline and difficultly soluble. 

Mercuric benzoate, Hg(C,H,O.)., forms long silky crystals soluble 
in hot water, but very sparingly soluble in cold water. It is more 
readily dissolved by water containing chlorides or iodides. According 
to Rebiére (Pharm. Jour., 1887, 1, 82), mercuric benzoate as met with 
in commerce is of very variable composition, as exemplified by the fol- 
lowing analyses: 
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The salt can be obtained of almost theoretical composition (as 
was sample D) by precipitating mercuric chloride with excess of 
sodium hydroxide, washing the mercuric oxide till free from chlorine, 
and boiling it with the calculated quantity of powdered benzoic acid 
in a little water, leaving the oxide in slight excess.” On boiling the 
resulting powder with a large quantity of water it dissolves, and on 
cooling pure mercuric benzoate crystallises out. 

Bismuth Benzoate.—A basic salt, stated to have the composition 
BiO.C,H.O., is official in France. It is prepared by treating benzoic 
acid with freshly prepared moist bismuth hydroxide. The salt 
is amorphous, and commercial samples show somewhat varying 
composition. 
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Benzoic esters are obtained by the general methods used to pre- 
pare this class of compounds. 
Methyl benzoate, C,H, CO.Me, an aromatic liquid boiling at 
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199°, is used to a limited extent in the preparation of artificial fruit 
essences and flavourings. 

Ethyl benzoate, C,H,.CO,Et, is a very fragrant liquid, boiling 
at 213°. It is employed in the production of artificial fruit essences 
(see Vol. 1), but is valueless in perfumery. 

Propyl benzoate boils at 229°, and butyl benzoate at 247°. 

Benzyl benzoate, C,H,.CO.C,H,, is a natural constituent of 
Peru and Tolu balsams It forms compact lustrous crystals of 
aromatic odour, melts at 20° to 21°, and boils at 323°. At its m. p. 
it has a sp. gr. of 1.227. 

The so-called ‘‘cinnamein”’ of Peru balsam consists of a mixture 
of benzyl benzoate and cinnamate, in which the former constituent 
largely predominates. Benzyl benzoate is the constituent to which 
the efficacy of Peru balsam in the treatment of scabies is due. The 
synthetic ester has the advantage of being of constant composition 
and free from colour and odour, whilst it does not cause the irritation, 
due to the presence of free acid, which is sometimes a consequence of 
using Peru balsam. Benzyl benzoate has been introduced into com- 
merce by the Berlin Aniline Company under the name of “‘ Peruscabin.” 
A 25% solution of the ester in castor oil is known as ‘‘ Peruol.” 

Eugenyl benzoate, C,.H,,O.C,H.O.,, prepared by heating 
together eugenol and benzoyl chloride, forms the ‘‘Benzeugenol”’ 
of medicine. It has been employed as an antiseptic in cases of tuber- 
culosis. It forms colourless, odourless, bitter crystals, very slightly 
soluble in water, but easily soluble in hot alcohol, ether, chloroform, 
and acetone. Benzeugenol melts at 70. 5°, and gives a purple coloura- 
tion with strong sulphuric acid. The formation of eugenyl benzoate 
is the basis of Thoms’ method for the estimation of eugenol in 
essential oils. 

Guaiacyl benzoate, or benzoyl-guaiacol, C.H,(OCH,).O.- 
CO(Co6H,), also called ‘‘Benzosol,”’ is recommended as a useful sub- 
stitute for guaiacol in phthisis. It has the advantage over the latter 
of being tasteless and odourless. Benzosol forms small colourless 
crystals, melting at 57°. It is almost insoluble in water, but is readily 
soluble in hot alcohol, ether, and chloroform. 

According to Dragendorff (Arch. Pharm., 1895, 233, 612) benzoyl- 
guaiacol gives a reddish-purple colour when moistened with sulphuric 
acid and acetone; a violet colour striped with green and violet-blue, 
with ferric chloride; an orange and green colour with nitric acid; a 
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green, violet, and yellow colour with potassium nitrite; a bright red 
colour with sucrose or dextrose; a violet to red colour with Frdhde’s re- 
agent; and a violet, green, and blue colour with sulphovanadic acid. 


C.H,.CO\ 


CiHcor a 


Benzoic Anhydride. Benzoyl Oxide. 


This substance is prepared according to methods described by 
Gerhardt (Annalen, 1853, 87, 73), Lachowicz (Ber., 1884, 1'7, 1282) 
and Minunni (Gazzetta, 1890, 20, 655; 1892, 22, li, 213). 

Benzoic anhydride crystallises in rhombic prisms melting at 42°. 
It boils at 360°, and dissolves readily in alcohol or ether. It is but 
little affected by cold water, but on boiling with water readily under- 
goes hydrolysis with formation of benzoic acid. By boiling with alco- 
hol it yields ethyl benzoate. ‘This and similar reactions render benzoic 
anhydride a valuable reagent for the production of benzoic esters, and 
it is employed for that purpose in the investigation of essential oils. 

Benzoyl Chloride. Benzoic Chloride. C,H,.COCl. 

Benzoyl chloride may be prepared by the action of phosphoric 
chloride on benzoic acid (Cahours, Annalen, 1849, 70, 40), or by the 
action of chlorine on benzaldehyde. Itis a liquid of penetrating odour. 
It boils at 198°, and solidifies at a low temperature, the solid melting 
at —1°. It is isomeric with the chlorobenzaldehydes, Co6H,Cl. CHO, 
and is a valuable reagent in organic synthesis. 

Commercial benzoyl chloride is usually contaminated with chloro- 
benzoic chloride, and frequently with benzaldehyde and its chloro- 
derivatives. ‘These impurities cause synthetic compounds prepared 
with it to contain chlorine compounds difficult to remove. 


Benzoic Aldehyde. Benzaldehyde. 
Cees 4. €., Cele: CHO. 


Benzaldehyde forms the major part of the essential oils of bitter 
almond, cherry-laurel, peach kernels, and many other vegetable 
products, especially of members of the natural order Rosacee. 

It is manufactured synthetically chiefly by the action of lead or 
copper nitrate on benzoyl chloride. (Compare Lauth and Grimaux, 

- Bull. Soc. Chim., 1867, [i], '7, 106; Piria, Annalen, 1856, 100, 105; and 
Anschiitz, Annalen, 1884, 226, 18.) 
Vor: Lib——27 
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Pure benzaldehyde is a thin colourless liquid of high refractive power. 
It has a peculiar, very agreeable odour like that of bitter-almond oil, 
and a burning aromatic taste. Its sp. gr. is 1.0636 at o° and 1.0504 
at 15°. It solidifies at —13.5° and boils at 179°. Benzaldehyde 
is soluble in about 300 parts of water, and is miscible in all propor- 
tions with alcohol and ether." 

Synthetic benzaldehyde is largely used, for flavouring and perfumery 
purposes, as a cheap substitute for the natural essential oil of almonds. 
Most of the synthetic benzaldehyde of commerce contains traces of 
chlorinated compounds, which are particularly objectionable, since 
they have an irritating odour, and cause soaps perfumed with the im- 
pure substance to deteriorate and darken on exposure to light. 
Benzaldehyde can, however, be obtained quite free from such impuri- 
ties, and soap scented with it does not change colour on exposure. Asa 
perfume, artificial benzaldehyde is inferior to the natural oil of 
almonds. 

Benzaldehyde is employed largely for the production of various 
synthetic products, such as malachite-green, cinnamic aldehyde, etc. 

Reactions.—On exposure to the light, benzaldehyde absorbs oxy- 
gen rapidly, and is converted into a crystalline mass of benzoic acid, 
C,H,.O,.?. (Cf. Baeyer and Villiger, Ber., 1900, 33, 1569.) It is also 
oxidised by boiling with chromic acid mixture, or manganese dioxide 
and sulphuric acid; but is only slowly attacked by nitric acid, even 
when boiling. ; 

When heated with solid sodium hydroxide, benzaldehyde evolves 
hydrogen and yields a benzoate. By treatment with water and sodium 
amalgam, it is reduced to benzyl alcohol. Benzyl alcohol and a ben- 
zoate are also formed when benzaldehyde is treated with strong sodium ° 
hydroxide solution. 

Like most aldehydes, benzaldehyde forms crystalline compounds 
with alkali hydrogen sulphites. The sodium compound has the for- 
mula C,H,0.NaHSO,.° Benzaldehyde also responds to the other 
general reactions of aromatic aldehydes. It reduces ammoniacal 
silver solution with the production of the usual silver mirror, but 
differs from aldehydes of the aliphatic series in being permanent in 


1 The solubility of benzaldehyde in water is often erroneously stated as x in 30, which is 
Aas ve true geoun’ 
“ e oxidation is much retarded by the presence of hydrocyanic acid, which is therefor 
often added to the artificial oil of bitter almonds. 2 
3 This insoluble crystalline compound is converted, in the presence of an excess of sodium 
hydrogen sulphite, into a soluble compound of the formula C7HsNaSO3. 
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presence of alkalies and in not reducing Fehling’s solution. Ammo- 
nium hydroxide converts benzaldehyde into white crystalline hydro- 
benzamide, (C6H;.CH),N., melting at 110°, which is resolved by 
acids into ammonia and benzaldehyde. This reaction also distin- 
guishes the aromatic aldehydes from those of the fatty series. 

Estimation. Volumetric Methods.—Ripper has devised a gen- 
eral method for the estimation of aldehydes and those ketones which 
combine with sodium hydrogen sulphite (Monatsh., 1901, 21, 1079). 
The aldehyde or ketone is absorbed (after steam distillation if neces- 
sary) in excess of sodium hydrogen sulphite solution and the excess 
determined by titration with standard iodine solution. In the experi- 
ence of the present writer, however, the excess of sulphite found after 
the absorption of benzaldehyde, varies with the concentration of the 
solution, and consequently appreciable errors are introduced by vari- 
ation of the duration of the steam distillation, when this is necessary. 

Gravimetric Methods.—For the estimation of small quantities of 
benzaldehyde Heérissey (J. Pharm. Chim., 1906, [vi], 23, 60) converts 
the aldehyde into its phenylhydrazone. The reaction is not complete 
at the ordinary temperature in 24 hours, and longer periods give too 
high results owing to oxidation of the excess of phenylhydrazine. 
The following method, however, is stated to give good results: 50 c.c. 
of the aqueous solution of benzaldehyde are mixed with 50 c.c. of a 
reagent prepared by dissolving 0.5 c.c. of acetic acid and 1 c.c. of 
freshly distilled phenylhydrazine in 100 c.c. of water. The mixture 
is heated on a water-bath for 20 to 30 minutes and then allowed to stand 
for 12 hours. The precipitate is collected in a tared Gooch crucible, 
washed with 20 c.c. of cold water, and dried to constant weight over 
sulphuric acid in vacuo. Denis and Dunbar (J. Ind. Eng. Chem., 
1909, I, 256) employ a similar method for the analysis of almond- 
flavouring extracts, but as they allow the mixture of extract and phenyl 
hydrazine to stand 24 hours without heating, their results are some- 
what low. 

Colourimetric Method.—Woodman and Lyford have based a 
method of estimating benzaldehyde in almond extracts on the colour 
reaction of aldehydes with magenta decolourised by sulphur dioxide. 
(J. Amer. Chem. Soc., 1908, 30, 1607.) 

This has the advantage of being considerably more rapid than the 
gravimetric method. The reagent is prepared by dissolving 0.5 grm. 
of magenta in 100 c.c. of water, adding a solution of 20 grm. of sul- 
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phur dioxide and diluting to 1 litre. 3 standard solutions are prepared 
by dissolving, respectively, 0.002 grm., 0.004 grm., and 0.006 grm. 
of freshly distilled benzaldehyde in aldehyde-free alcohol and diluting 
to 20 c.c. 10 grm. of the sample to be analysed are diluted to 50 c.c. 
with alcohol (aldehyde-free), and of this solution 2 c.c. are diluted to 
20 c.c. with the same solvent. The latter solution and the 3 standards, 
contained in Nessler tubes, are immersed for some time in water at 
15°, then each is treated rapidly with 20 c.c. of the magenta reagent 
(also at 15°) and well mixed. After standing for ro minutes the test 
sample is matched with the nearest standard in the usual way by with- 
drawing part of either liquid. The depth of colour, within the given 
limits, is proportional to the amount of benzaldehyde present. To 
prepare aldehyde-free alcohol it is distilled over silver oxide, then 
treated with 25 grm. of m-phenylene-diamine hydrochloride per litre, 
and a rapid current of air passed through the solution for 3 hours. 
The liquid is then distilled, the first 100 c.c. being rejected. Alcohol 
so treated remains pure for some weeks if kept in the dark at a low 
temperature. 


ESSENTIAL OIL OF BITTER ALMONDS. 


The essential oil of bitter almonds, Amygdalus communis var. 
amara, together with the oils of several other kernels, such as those of 
the apricot and peach, owe their characteristic odour and flavour to ben- 
zaldehyde.t To all intents and purposes the oils from these 3 sources 
are identical, and most of the foreign bitter-almond oil is in reality 
peach-kernel oil. 

Lewkowitsch states (Analyst, 1904, 29, 105) that the oil sold as 
“Oil of sweet almonds, French” is solely peach-kernel or apricot- 
kernel oil, whilst ‘‘Almond-oil, English” is genuine. 

The oil does not exist in the free state in the kernels, but results 
from the decomposition of a glucoside, amygdalin, C,.H,,NO,,, 
which breaks down in the presence of water under the influence of the 
natural enzyme emulsin or synaptase into a mixture of dextrose, benzal- 
dehyde and hydrocyanic acid. 

This reaction is also brought about by the action of dilute hydro- 
chloric acid. 

1 According to Tilden, cherry-laurel oil consists of benzaldehyde, less than 2% of hydro- 


cyanic acid, a volatile oil (possibly benzyl alcohol), convertible into benzoic acid by oxida- 
tion, and minute quantities of an odorous resin (Pharm. J., 1875, (iii), 5, 761). 
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Pure oil of bitter almonds contains much hydrocyanic acid (vide 
infra), but the acid-free oil is a regular commercial article, sold as 
“ Oil of Almonds, S. A. P.” (sine acido prussico). 

Approximately from 1 to 2% of essential oil is obtained from the 
bitter-almond kernels, and this possesses a much finer and more 
delicate odour than synthetic benzaldehyde. Bitter-almond oil is a 
yellowish liquid (which can be obtained colourless by rectification) 
of sp. gr. 1.045 to 1.070. The latter gravity is, however, somewhat 
rare, and normal oils seldom range outside the limits 1.045 
and 1.060. 

M. Boyveau states that an artificial oil of bitter almonds is occa- 
sionally met with having a sp. gr. of 1.029 to1.030. Its odour is more 
acrid than that of the natural oil, as may be observed by moistening 
strips of paper with the oil and exposing them to the air. 

Oil of bitter almonds is optically inactive, and neutral to ordinary 
indicators when fresh. On exposure to light it rapidly absorbs oxy- 
gen and deposits crystals of benzoic acid, at the same time becoming 
acid in reaction. 

The main constituent of essential oil of bitter almonds is benzal- 
dehyde, but a notable proportion of hydrocyanic acid (4 to 8%) is 
present, and appreciable quantities of phenyl-hydroxyacetonitrile 
(the nitrile of mandelic acid), CsH,. CH(OH).CN.' This last-named 
substance, also known as benzaldehyde-cyanohydrin, is formed by a 
direct combination of benzaldehyde and hydrocyanic acid. 

Mandelo-nitrile has a sp. gr. of 1.124, and is easily decomposable. 
Hence normal almond oils containing from 1.5 to 4% of hydrocyanic 
acid have a sp. gr. usually falling between the limits of 1.052 and 
1.058. Oils containing a larger quantity of hydrocyanic acid, even 
up to 11%, have been known to reach the very abnormal sp. gr. of 
1.096.? 

When oil of bitter almonds is fractionally distilled, hydrocyanic acid 
passes over first, and then tolerably pure benzaldehyde. 

Oil of bitter almonds may be deprived of its hydrocyanic acid in 
several ways. Treatment with water, mercuric oxide, lime, and 


1 Benzoin, CsHs.CH(OH) .CO.CsHs, is stated to be present in some specimens of bitter- 
almond oil. It is a solid camphor-like substance melting at 137°, and occurs most largely 
in samples of oil of high density, in the preparation or purification of which a high tempera- 
ture has been employed. It givesa purple colour with strong sulphuric acid. : d 

2 Schimmel & Co., (Report, April, 1893) added a 20% solution of hydrocyanic acid to a 
sample of bitter-almond oil which had a sp. gr. of r.054. In two days the sp. gr. had risen 
to 1.074. Itis thus clear that bitter-almond oils of high gravity contain comparatively 
large proportions of mandelo-nitrile. 


‘ 
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ferrous chloride has been recommended. Mackay treats the oil for 
48 hours with lime and solution of potassium hydroxide. 

Bitter-almond oil is stated to give a crimson colouration with strong 
sulphuric acid, becoming brownish on exposure to the air. If the 
crimson liquid be poured into water the red colour disappears, and a 
yellow precipitate is produced, which sometimes takes the form of 
globules. 

Essential oil of peach kernels is frequently sold as oil of bitter 
almonds, but the most common falsification is synthetic benzaldehyde. 

Chwolles states (Chem. Zeit., 1903, 2'7, 33) that the phloroglucinol 
reaction of peach-kernel oil, described by Kreis (Chem. Zeit., 1902. 
26, 897, 1014) is not given by almond oil. But Lewkowitsch (Joc. cit.) 
records the occurrence of genuine almond oils which do not differ 
from peach-kernel oil in this respect. According to this author, the 
only test which will differentiate almond oil from apricot-kernel and 
peach-kernel oils is Bieber’s test. In this 5 c.c. of the oil are treated 
with 1 c.c. of a mixture of equal weights of sulphuric and fuming 
nitric acids. Peach-kernel oil gives a peach-blossom tint, apricot- 
kernel oil gives a pink colour, whilst almond oil remains colourless. 
Admixture of 33% of apricot-kernel oil can be recognised by this 
means. The reaction is not so marked when the oils have been kept, 
and the nitro-sulphuric reagent must be fresh. 

To distinguish the natural from the artificial product, Boyveau 
shakes t c.c. of the oil with 1 c.c. of concentrated sulphuric acid. The 
natural oil becomes currant-red, deepening in a few hours to a more 
intense and darker red, the mixture remaining perfectly clear. Cherry- 
laurel immediately takes a dark red tint, without first passing through 
the delicate currant-red shade observed with bitter-almond oil. The 
mixture thickens somewhat, but remains perfectly fluid and clear. 
The oils from peach, and apricot-kernels behave somewhat similarly, but 
give an evanescent currant-red tint, changing to a very dark red. 
Artificial almond oil first takes a red tint, and then immediately be- 
comes brown, loses its transparency, and thickens, becoming a solid 
brownish mass in the course of 24 hours. By the loss of transparency 
and production of the brown colour an admixture of 25% of the 
artificial oil in the natural oil of bitter almonds is said to be recognisable. 

Synthetic benzaldehyde, as already stated, usually contains marked 
traces of organic chlorine compounds. Some commercial specimens 
are free from these impurities and command a far higher price. 
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The U. S. Pharmacopceia, 8th Rev., has adopted a method of S. S. 
Sadtler. The method is as follows: 


Assay of Benzaldehyde. 


Into a tared 150 c.c, flask, 10 c.c. of purified kerosene are intro- 
duced, the weight noted, 12 drops of the almond oil added, and the 
weight again determined. To the solution 20 c.c. of water and 6 
drops of phenolphthalein solution (1% in 50% alcohol) are added, 
and the liquid exactly neutralised with N/1o sodium hydroxide, the 
flask being thoroughly shaken. A 20% solution of sodium sulphite 
is gradually added from a burette, alternately with N/2 hydrochloric 
acid, from a second burette, until 10 c.c, of the sodium sulphite solution 
have been added, and sufficient N/2 hydrochloric acid to maintain 
the mixture neutral, After addition of a few drops of phenolphthalein 
solution and frequent agitation of the flask, it is allowed to stand for 
2 hours to insure a condition of permanent neutrality, and then the 
volume of standard acid used is noted. A blank experiment is made, 
and the number of c.c, of acid required is deducted from that necessary 
in the actual estimation. Each 1 c.c. of difference corresponds to 
©,0526 grm, of benzaldehyde. 

Lunge (Chemische-Technische Untersuchungs Methoden, Vol. 3, pagel 
807 [1905]) recommends the following methods for detecting benzyl 
chloride and chlorobenzaldehyde. 

Benzyl Chloride.—1o grm. of the sample are distilled and the first 
ro to 12 drops of the distillate collected in alcoholic potassium hydrox- 
ide solution (5%). This solution is boiled for some time in a reflux ap- 
paratus and then evaporated to dryness. ‘The residue is dissolved 
in water, any oil remaining extracted with ether, and the aqueous 
solution treated with nitric acid. The precipitated benzoic acid is 
filtered off, and the filtrate tested with silver nitrate. 

Chlorobenzaldehyde.— c.c. of the oil are shaken with a solution 
of 6 grm. of sodium carbonate in 4o c.c. of water, the liquid gently 
warmed and treated gradually with a 5% solution of potassium per- 
manganate until a faint pink tint is permanently formed. The excess 
of permanganate is then destroyed by addition of alcohol drop by drop. 
The liquid is filtered, acidified with dilute sulphuric acid, well cooled 
and the precipitated benzoic acid collected. This is washed with cold 
water, dissolved in sodium carbonate solution containing potassium 
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nitrate, and the liquid evaporated to dryness. The residue after igni- 
tion is dissolved in dilute nitric acid and tested with silver nitrate solu- 
tion. The occurrence of organic chlorine compounds in oil of bitter | 
almonds may be regarded as very strong evidence of adulteration with 
synthetic benzaldehyde. 

Hydrocyanic acid may be detected in bitter-almond oil by agitating 
the sample with water, and applying tests to the latter. Ferric chloride 
and ferrous chloride or sulphate should be added, and then a solution of 
sodium hydroxide. On acidifying the liquid with hydrochloric acid, 
a bluish-green colouration or prussian-blue precipitate will be formed 
if hydrocyanic acid was present. An aliquot part of the aqueous solu- 
tion may be employed for quantitative estimation by precipitation or 
titration with silver nitrate. 

A preferable method is to dissolve 1 grm. of the oil in 5 c.c. of alcohol 
and dilute with water to 50 c.c. Excess of ammonio-silver nitrate is 
then added, and the mixture well agitated for a few minutes. The 
solution is then slightly acidified with nitric acid, and the precipitated 
silver cyanide collected, washed, dried, and weighed, or ignited in the 
air and the resultant metallic silver weighed. 5 parts (nearly) of 

‘silver cyanide or 4 of metallic silver correspond to one of hydrocyanic 
acid. 

Occasionally alcohol is added, but this is not always done with a 
fraudulent intention, as it is believed to retard oxidation. 

Alcohol reduces the density of bitter-almond oil. 

According to Lunge, it is best detected by shaking the oil in a grad- 
uated cylinder with an equal volume of a saturated solution of calcium 
chloride. The presence of alcohol and approximately its amount will 
be indicated by a decrease in volume of the oil. 

Nitrobenzene, CsH;NO.,, is sometimes used as an adulterant of 
bitter-almond oil, and has even been sold as a substitute under the 
name of “‘artificial essence of bitter almonds.” Nitrobenzene has a 
density of 1.186, and hence is heavier than bitter-almond oil, from 
which it also differs in not yielding benzoic acid when a current of air 
is passed through it. It is an insidious poison, and should be rigidly 
excluded from articles of food. 

The following method may be employed for the detection and ap- 
proximate estimation of nitrobenzene in bitter-almond oil. Some 
clean sand or emery is introduced into a wide-mouthed flask, and a 
known weight (about ro grm.) of the sample to be tested, added. 
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This is followed by 40 c.c. of a saturated aqueous solution of sodium 
hydrogen sulphite, the whole agitated briskly for a few minutes, and 
then shaken with ether free from alcohol. The benzaldehyde forms a 
compound with the sulphite, whilst any nitrobenzene dissolves in the 
ether. The upper layer is withdrawn by a pipette, more ether added, 
and the agitation repeated. The ether is again withdrawn by means 
of the pipette, the united ethereal liquids evaporated at a gentle 
heat, and the residual nitrobenzene weighed. The method is only 
roughly approximate. If the quantity of nitrobenzene be small or 
there be any doubt as to its identity, 4 or 5 drops of the sample should 
be dissolved in alcohol and heated for some time with hydrochloric 
acid and granulated zinc. The nascent hydrogen reduces the nitro- 
benzene to aniline, CsH,N. The liquid is filtered through wet paper, 
rendered alkaline with a solution of sodium hydroxide,’ agitated with 
ether, and the ethereal layer removed and shaken with water and a few 
drops of dilute hydrochloric acid. The ether is separated, and a 
dilute solution of bleaching powder is cautiously added to the aqueous 
liquid, when if nitrobenzene were originally present, a violet colour 
(mauve) will be developed. The process requires to be skilfully con- 
ducted. Reduction to aniline may be conveniently used for dis- 
tinguishing bitter-almond oil from nitrobenzene, but not for detecting 
the latter in presence of the former. When this is required, the sul- 
phite and ether process must be previously used for their separation.” 

The following method for detecting and approximately estimating 
nitrobenzene in bitter-almond oil is due to Maisch. 1 c.c. of the 
sample is dissolved in 12 c.c. of absolute alcohol, and 0.75 grm. of 
fused potassium hydroxide added. The liquid is boiled till it is re- 
duced to about 4 c.c., and left to cool. If the sample be pure no 
crystals form, but a brown colour is slowly developed. The residual 
liquid is entirely soluble in water. In the presence of nitrobenzene, 
brown crystals of azo-oxybenzene, C,,H,;.N,O, are formed, which 
are insoluble in water, and may be collected, dried by pressure, and 
weighed. 

Mapurgo (Pharm. Zeit. Russ., 1890, 29, 205) detects nitrobenzene 
by the following test: 2 drops of phenol, 3 drops of water, and a 
fragment of potassium hydroxide the size of a pea are heated to 


1 When the nitrobenzene occurs in quantity, bleaching powder may be added at once to 
the filtered liquid after nearly neutralising it with alkali. ‘ 

2 Most other essential oils can also be separated from benzaldehyde by means of sodium- 
hydrogen sulphite and ether. 
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boiling in a small basin, added to a little of the oil mixed with water, 
and the mixture boiled. The formation, at the conclusion of the 
heating, of a crimson-red ring at the surface of the liquid changed 
to emerald-green by adding calcium chloride solution indicates the 
presence of nitrobenzene. 

Benzoic acid is always present, 1 to 3% being not unusual in the 
best commercial products. It may be estimated by dissolving 10 grm. 
of the oil in so c.c. of alcohol and titrating the solution with N-sodium 
hydroxide solution, using phenolphthalein as indicator. 

According to the United States Pharmacopeeia, oil of bitter 
almonds must contain 85% of benzaldehyde and not more than 4% 
nor less than 2% of hydrocyanic acid. 

Essence of bitter almonds is the name given to a solution of 
commercial oil of bitter almonds in different proportions of rectified 
spirit. It is employed as a flavouring agent, for which purpose it 
should be quite free from hydrocyanic acid. Almond flavour is a solu- 
tion of one part of the oil in 7 of rectified spirit. The proportion of 
alcohol in these preparations is best estimated by fractional 
distillation. 

Bitter-almond water is a solution of bitter-almond oil in water. 

Fromm states (A poth. Zeit., 1897, 12, 254) that artificial bitter-almond 
water consists of hydrocyanic acid, benzaldehyde, mandelonitrile, 
water, and alcohol, whilst the natural product contains in addition 
small quantities of ammonia and of substances having a peculiar odour, 
possibly amido-compounds. To distinguish the artificial from the 
natural product, 10 c.c. are treated with 20 c.c. of hydrogen peroxide 
solution (free from hydrogen chloride), then warmed with 2 to 5 grm. 
of sodium hydroxide until the odour of benzaldehyde disappears, and 
evaporated to dryness. The residue is gently ignited, dissolved in 
nitric acid and the solution tested with silver nitrate. Chlorine is 
present in the artificial, but not in the natural substance. It is not a 
preparation of the British Pharmacopceia, but is official in several 
other countries. Its strength is uncertain. The proportion of hy- 
drocyanic acid it contains may be estimated with silver nitrate 
after adding sufficient magnesium hydroxide to leave the sample 
slightly opalescent. ‘The mixture should be left at rest for half an 
hour and then titrated with décinormal silver nitrate, using neutral 
potassium chromate as an indicator. Basic magnesium acetate is 
said to be preferable to magnesium hydroxide (Beckurts, Pharm. 
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Central., 1887, 8, 131; Linde, Arch. Pharm., 1887, [iii],25, 690). Bitter- 
almond water should retain its characteristic odour after the removal 
of all the hydrocyanic acid by the above process or by agitation with 
excess of silver nitrate. 

To test for excess of hydrocyanic acid in bitter-almond water, 10 c.c. 
should be treated with 1 c.c. of decinormal silver nitrate and a few 
drops of nitric acid, and filtered. The filtrate should give no imme- 
diate precipitate on addition of more silver nitrate. 

Cherry-laurel water (Aqua lauro-cerasi, British Pharmacopceia), 
prepared by distilling fresh cherry-laurel leaves with water, and 
Cherry water, from wild cherries, are preparations very similar to 
bitter-almond water; but the last-named becomes milky immediately 
on addition of ammonia, which is an effect not produced on laurel 
water till after the lapse of some time. 

The British Pharmacopceia requires cherry-laurel water to contain 
0.10% of HCN, when assayed by titration with standard silver ni- 
trate solution. 


Acetophenone. Phenyl-methylketone, CsH,;.CO.CH,. 


This substance results from the action of benzoyl chloride on zinc- 
methyl or by distilling a mixture of calcium benzoate and acetate 
(Friedel, J., 1857, 270). It may also be readily prepared by the inter- 
action of benzene and acetyl chloride in the presence of aluminium 
chloride (Friedel and Crafts, Ann. Chim. Phys., 1886, [vi], I, 507). 
The 2 last-named methods are those usually adopted on the manu- 
facturing scale. 

Acetophenone crystallises in large lamin, melting at 20° to a colour- 
less, mobile liquid of about the density of water, boiling at 202°. It 
has a very persistent odour, recalling that of bitter-almond and cherry- 
laurel water. It is nearly insoluble in water, soluble in 60 parts of 
glycerol and very soluble in alcohol, ether, chloroform, light petro- 
leum, and fatty oils. Dissolved in fixed oil of almonds, it is frequently 
administered in gelatin capsules. 

Reactions.—Acetophenone is neutral and gives no colouration or 
characteristic reaction with ferric chloride, hydrochloric acid, or sul- 
phuric acid. By oxidation with chromic acid mixture it is converted 
into benzoic and carbonic acids. With nitric acid it gives a yellow 
colouration. 
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Acetophenone has hypnotic properties, and has been introduced 
into medicine under the name of “hypnone” (Pharm. J., 1886, [iii], 
16, 445, 582). 

Estimation.—According to Marsh and Struthers (Proc., 1908, 
24, 267), acetophenone reacts with mercuric iodide, dissolved in cold 
aqueous potassium hydroxide, as shown by the equation 
PhCOMe +6Hgl, +4KOH =Hgl, PhCO.CHg,I,+2K.Hgl,+4H,O 
the ketone compound being a yellow precipitate. In the absence 
of other ketones, therefore, acetophenone may be estimated either by 
determining volumetrically the amount of alkali absorbed in the 
presence of excess of mercuric iodide, or by weighing the precipitate 
formed. 

Gallacetophenone. CH,;.CO.C.6H.,(OH),;. This substance, also 
known as ftrihydroxyacetophenone and as ‘‘Alizarin Yellow C,” 
may be regarded as a trihydroxy derivative of acetophenone or as a 
methylketo-compound of pyrogallic acid. It is a yellow powder, 
melting at 168°, and is soluble in warm water, alcohol, ether, and gly- 
cerol. It is only very slightly soluble in cold water, but more so in 
solution of sodium acetate. It is used (in the form of an ointment) 
to a certain extent as a remedy for psoriasis, being a substitute for 
pyrogallol. 

; CO 
Saccharin: CH, 5G. >NH. 
1-2-sulphaminbenzoic anhydride; o-benzoicsulphinide; Benzosul phini- 
dum (United States Pharmacopeeia, viii); Glusidum (British Pharma- 
copcoeia). 

Saccharin is prepared by sulphonating toluene, converting the 
mixed sulphonic acids into the sulphochlorides, separating the 0-iso- 
meride, converting this into the amide, and oxidising the latter with 
potassium permanganate. (Fahlberg and Remsen, Ber., 1879, 12, © 
469; Fahlberg and List, Ber., 1887, 20, 1597; von Heyden, D. R. P. 
85491; Bayer & Co., D. R. P. 96125.) 

The crude material is often contaminated with by-products, among 
which is 1~-4-sulphaminobenzoic acid. Numerous methods for the 
purification of the saccharin have been proposed, among which are 
the following: 

A. R. Ling (Br. pat., 1893, 21417) proposes treatment of the crude 
product with a solution of sodium acetate. The saccharin passes 
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into solution as a sodium compound; the 1:4 compound remains 
undissolved. 

F. von Heyden (Br. pat., 1893, 10769), by crystallisation of the 
solution containing the mixed salts (potassium, sodium, calcium, or 
magnesium) of the 2 forms, by which the 1 : 4 salt remains in solu- 
tion, being much more soluble than the 1 : 2 form. 

Saccharin is a white crystalline powder, with a faintly aromatic odour 
and intense, sweet taste; 1 part in 10,000 of water can be detected by 
the taste. It melts at 220°. Its solubilities are: 1 part dissolves in 400 
parts of cold water, 100 parts of boiling water, 25 parts of (90%) 
alcohol, and 120 parts of ether. It is also soluble in a mixture of ether 
and light petroleum. ‘These immiscible solvents extract it from an 
(acidified) solution in water. It is soluble in glycerol. Water con- 
taining alkali or alkali carbonates dissolves more than pure water. 

‘As already noted, the hydrogen atom of the imino-group may be re- 
placed by other positive radicals. Some of these derivatives are more 
soluble than saccharin itself and have more or less of its sweetness. 

Sodium saccharin, CsH,(CO)(SO,)NNa+2H,0, occurs in com- 
merce under the name of “‘soluble saccharin” or ‘‘crystallose.” It 
separates from hot water in readily soluble crystals. 


COMMERCIAL SACCHARIN. 


Apart from the by-products of manufacture, saccharin is liable to 
adulteration with diluents both organic and inorganic. Samples con- 
taining little else than inert mineral matter, such as calcium sulphate, 
have been found. As pure saccharin sublimes entirely at a temperature 
not much above its m. p., ordinary mineral adulterants are indicated 
by notable amounts of ash. 

Sugars, glucose and starch will be left insoluble after repeatedly 
treating the solid sample with ether. A better separation from sugar 
can be obtained by repeatedly agitating the acidified aqueous solution 
of the sample with ether. If, after removing the ether, the aqueous 
layer be found, after neutralisation, to have a distinctly sweet taste, the 
presence of sugar is’ certain. The quantity can be ascertained by 
Fehling’s solution after inverting the sugar, and preferably after re- 
moving the saccharin by ether. Saccharin does not reduce Fehling’s 
solution. 

Saccharin should not blacken when treated with cold concentrated 
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sulphuric acid, and even on heating the mixture to 100° for 10 minutes 
the colouration should merely be faint brown. 

Benzoic or salicylic acid can be detected by heating a small amount 
of the sample with water, allowing the liquid to cool, filtering and test- 
ing the filtrate with ferric chloride. Benzoic acid will be shown by a 
turbidity; salicylic acid by a violet tint. 

One of the usual by-products in commercial saccharin is 1-4-sulphami- 
nobenzoic acid, CsH,(COOH)SO,NH,. For the detection of this, 
t grm. of the sample should be shaken with 70 c.c. of ether at 15° fora 
few minutes, the ether drawn off as far as possible, the undissolved 
portion dried and its m. p. determined. This should not be above 220°. 
The amino-acid is much less soluble in ether than saccharin, The 
amino-acid melts at about 282°. 

Langbein (Zeit. angew. Chem., 1896, 486) estimates the amount of 
p-sulphaminobenzoic acid in a sample of commercial saccharin by - 
determining its heat of combustion. Saccharin has the heat of com- 
bustion 4753.1 cal. whilst that of p-sulphaminobenzoic acid is 4307.3 
cal. The method is stated to give good results. 

Reactions and Detection.—Parmeggiani (Boll. Chim. Farm., 1908, 
47, 37) finds that pure saccharin has the following properties: It is not 
attacked by nascent hydrogen in alkaline solution, by potassium per- 
manganate, by hydrogen peroxide, or, when cold, by the halogens. 
Cold nitric acid has no action, but when heated with the acid the sulpho- 
group is eliminated as sulphuric acid. The most sensitive precipitant 
for o-benzoicsulphinide is mercurous nitrate. 

When a solution of saccharin is evaporated with potassium hydroxide 
and the residue is heated to 250°, salicylic acid is formed, and may be 
detected by rendering the solution of the residue neutral or faintly acid, 
and adding ferric chloride, when the characteristic violet colouration 
will be produced. On igniting a mixture of saccharin and potassium 
hydroxide or carbonate an odour of benzene is evolved, and on dis- 
solving the residue in water acidified with hydrochloric acid, the 
solution gives a white precipitate of barium sulphate when barium 
chloride is added. 

Remsen and Burton state that when o-benzoic-sulphinide is boiled 
with dilute acids, it is first converted into 1-2-sulphaminobenzoic acid, 
COOH.C6H,(SO,NH,), but on continued boiling it is completely 
changed into hydrogen ammonium 1—2-sul phobenzoate, COOH.C6H,- 
(SO;NH,). By evaporating a solution of saccharin with strong 
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hydrochloric acid, o-sulphobenzoic acid and ammonium chloride are 
obtained. 

The 1~-4-sulphaminobenzoic acid, often present in considerable 
proportion in commercial saccharin, is unchanged by boiling with 
dilute acids. 

The following are other reactions characteristic of saccharin: If 
0.01 grm. to 0.02 grm. is dissolved in ro c.c. of water containing 2 drops 
of a 10% sodium hydroxide solution, treated with a solution of p- 
diazonitroaniline, drop by drop, until the greenish-yellow colour of the 
liquid disappears, and then shaken with 10 c.c. of ether, the ethereal 
extract, when treated with 20 to 30 drops of the 10% sodium hydroxide 
solution, gives a fine green ring at the point of contact. On shaking, 
the ether turns green and the alkali yellowish-brown, whilst the ad- 
dition of strong ammonia to the ethereal layer decolourises the latter, 
the ammonia becoming green. With a mixture of saccharin and salicy- 
lic acid the reaction gives first a red somewhat brownish ring, then a 
red aqueous and green ethereal layer. On addition of ammonia the 
ether is decolourised, whilst the aqueous liquid becomes violet, the 
shade of colour depending on the proportions of salicylic acid and sac- 
charin present (Riegler, Pharm. Centr. Halle, 1900, 41, 563). 

Very dilute solutions of saccharin, when treated with dilute ferric 
chloride solution followed by hydrogen peroxide, give a violet coloura- 
tion (Leys, Compt. rend., 1901, 132, 1056). 

If saccharin is heated for 5 minutes at 160° to 170° with a small 
quantity of a mixture of 5 c.c. of phenol and 3 c.c. of sulphuric acid, 
and the product dissolved in water, the solution turns purple or rose- 
red when treated with a little sodium hydroxide solution. (Kastle, 
U. S. Pub. Health and Marine Hosp. Serv. Hyg. Lab. Bull., 1905, 
PRED ed 

Detection of Saccharin in Foods and Beverages.—Saccharin, 
being an antizymotic, fulfils 2 requirements in foods and beverages— 
a preservative and a substitute for sugar. 

A large number of methods for the detection of saccharin have been 
suggested, which differ almost solely in the procedure by which it is 
isolated. The actual identification is nearly always effected by con- 
verting it into salicylic acid which is recognised by the ferric chloride 
reaction. Necessarily salicylic acid, phenols, tannin, and extractive 
matter, which react with ferric chloride, must be removed previously. 
These substances are best eliminated from beverages by the method 
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described by Villiers and his coadjutors (Rev. Chim. Appl., 1904, 7; 144) 
and modified by Bianchi and di Nola (Boll. chim. jarm., 1908, 47, 599). 
The liquid is freed from alcohol by evaporation (repeated if necessary), 
heated to boiling, acidified with 20 drops of 1% acetic acid per 100 c.c., 
and treated with excess of lead acetate solution (10 c.c. of a 20% solu- 
tion per roo c.c.). After standing for 30 minutes the excess of lead is 
precipitated by addition of a solution containing ro grm. of sodium 
sulphate and the same weight of sodium phosphate per 100 c.c. The 
liquid is filtered, the filtrate concentrated to 70 or 80 c.c., acidified with 
6 or 8 c.c. of 25% sulphuric acid, and extracted 3 times with pure 
benzene or once with a mixture of equal volumes of ether and benzene. 
The extract is evaporated almost to dryness and the residual liquid 
treated with a small quantity of ferric chloride solution (1:1,000) to 
test for salicylic acid. ‘The benzene is evaporated without removing 
the ferric chloride, the aqueous residue acidified with 10 c.c. of 10% 
sulphuric acid, warmed on a water-bath and a solution of potassium 
permanganate added until a permanent pink colouration is produced. 
In this way free salicylic acid and substances which simulate or mask 
the colouration with ferric chloride are destroyed. When cold the 
liquid is extracted 3 times with pure benzene, the extract evaporated, 
and the residue dissolved in 2 c.c. of water. If 1 drop of this solution 
has a sweet taste the remainder is transferred to a test-tube, treated 
with 2 c.c. of sodium hydroxide solution, evaporated to dryness, and the 
tube immersed in a fusible-metal bath at 270° for 3 minutes. The 
fused residue is dissolved in 10% sulphuric acid, the solution ex- 
tracted with benzene, and the benzene extract filtered and shaken with 
5 c.c, of neutral ferric chloride solution (1:1,000). The formation, in 
the aqueous liquid, of the violet colouration characteristic of salicylic 
acid, indicates the presence of saccharin in the sample. 

Similar methods have been propased by Boucher and de Bounge 
(Bull. Soc. Chim., 1903, [ili], 29, 411), Chace (J. Amer. Chem. Soc., 
1904, 26, 1627), who states that 0.005 grm. of saccharin per litre can be 
detected by this method, and Jorgensen (Amn. Falsif., 1909, 2, 58). 

Bonamartini (Rev. intern. Falsif., 1906, 19, 39) has suggested the 
use of bromine water for the oxidation of tannin and precipitation 
of salicylic acid, but Boucher and de Bounge state that the perman- 
ganate is to be preferred. 

Allen concentrates the sample, defecates with lead acetate, acidifies 
with phosphoric acid, and extracts with ether. The residue from the 
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evaporation of the ethereal solution is fused with sodium hydroxide 
and the product tested for sulphate. If this is found, saccharin was 
present. von Mahler (Chem. Zeit., 1905, 29, 32) fuses the residue 
with sodium instead of sodium hydroxide and tests the solution of the 
fused mass for alkali sulphide by means of sodium nitroprusside. 

Other solvents have been suggested for the extraction. A mixture 
of ether and light petroleum is recommended by Delle (Rev. intern. 
Falsif., 1900, 13, 121), Wirthle (Chem. Zeit., 1900, 24, 1035), and 
Spica (Gazzetta, 1901, 31, ii, 41), toluene by Tagliavini (Boll. chim. 
farm., 1907, 46, 645) who detects the saccharin in the extract by the 
formation of a white precipitate with mercurous nitrate solution, and 
amyl acetate by Parmeggiani (Boll. chim. farm., 1908, 47, 37). 

Formenti states (Boll. chim. farm., 1902, 41, 453) that by the follow- 
ing method, 0.001 grm. of saccharin can be detected in 100 c.c. of milk: 
100 c.c. of the sample are treated with 1 c.c. of acetic acid (sp. gr. 1.038) 
and the mixture heated on a water-bath for 30 minutes. The precipi- 
tated casein is filtered off and washed, the filtrate and washings acidi- 
fied with 5 c.c. of sulphuric acid (sp.gr. 1.134) and extracted with 5oc.c. 
of a mixture of equal volumes of ether and light petroleum, a small 
quantity of alcohol being added towards the end of the extraction. 
The ether-petroleum extract is evaporated and the residue tested by 
any of the reactions described above. Salicylic acid, if present, will be 
extracted with the saccharin. 

Spica (Gazzetta, 1901, 31, ii, 41) detects saccharin either by convert- 
ing the imino nitrogen intonitric acid and identifying this by diphenyl- 
amine hydrochloride or by hydrolysis and application of the diazo- 
reaction. 

A method of isolating saccharin from fatty oils is described by 
Bianchi and di Nola (Boll. chim. farm., 1908, 4'7, 183). For its isola- 
tion from solid foods, the latter may be extracted with dilute acid, or 
by gently warming with water, the aqueous or acid extract being 
treated as already described. 

Estimation.—The proportion of saccharin present in a sample may 
often be found by extracting the aqueous solution several times with 
ether, evaporating the ether, and weighing the residue. Approximation 
may be often obtained by titrating the aqueous solution with decinor- 
mal sodium hydroxide, using litmus or phenolphthalein. 1 c.c. of 
decinormal alkali neutralises 0.0183 grm. of saccharin. 

The following process was devised by Hefelmann (Pharm. Central. 
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Halle, 1895, 36, 228); 10 grm. of the sample are heated with 100 c.c. 
of 73% sulphuric acid for 5 hours, the vessel being immersed in boiling 
water and frequently shaken. The mixture is then cautiously diluted 
with 100 c.c. of water, cooled, a crystal of pure 1-4-sulphamidobenzoic 
acid added, and the solution allowed to stand for at least 12 hours. 
When only small amounts of the 1-4 compound are present, it may be 
necessary to allow the solution to stand for several days. The 1-4 
acid separates almost entirely. It is collected in a Gooch crucible 
provided with a double strainer and an asbestos filter, washed with 
water until the acid reaction is removed, dried at 1oo° to constant 
weight and weighed. The loss due to the slight solubility of the pre- 
cipitate in cold water is not serious. The material should melt at 
from 270° to 280°. 

The filtrate and washings are made up to 500 c.c. with water, 50 C.c. 
of this mixed with excess of magnesium oxide, and distilled. Am- 
monium hydroxide is formed, which is absorbed by dilute standard 
acid as in the Kjeldahl method. From the amount of ammonium 
nitrogen thus indicated the saccharin in the original material can be 
calculated: 1 part of nitrogen is equivalent to 13.07 parts ofsaccharin. 

The principle of the above process is due to Remsen and Burton 
(Amer. Chem. J., 1889, 11, 403) who used dilute hydrochloric acid in- 
stead of the relatively strong sulphuric acid employed by Hefelmann. 
Reid (Amer. Chem. J., 1899, 21, 461) found that the hydrolysis is best 
effected by dilute hydrochloric acid, and that the ammonia can then 
be distilled off, after making the liquid alkaline, as in the ordinary 
Kjeldahl process. Reid’s method is as follows: 0.5 to 1 grm. of 
the sample is weighed into a 100 c.c. flask and 50 c.c. of approximately 
normal hydrochloric acid added. The flask is fitted with an air- 
condenser (45 cm. long by 8 mm. diameter) and heated on a sand- 
bath for 2.5 hours, so that the liquid is kept gently boiling. The 
condenser is then removed and the liquid concentrated to about to c.c. 
and washed into a distillation-flask. 20 c.c. of a 50% solution of 
sodium hydroxide are added and the ammonia distilled into a known 
volume of standard acid, the excess being titrated with standard potas- 
sium hydroxide using cochineal as indicator. The ammonia is formed 
from the o-benzoicsulphinide (and any ammonium salts present as 
impurities), the p-sulphaminobenzoic acid not being attacked in the 
process. Since o-benzoicsulphinide is not attacked by alkali hydroxide 
solutions, the amount of ammonium salts present, if any, can be esti- 
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mated by distilling a separate portion of the sample with sodium hy- 
droxide solution. ; 

Proctor has employed Reid’s process and gives results showing that 
it is quite reliable even in the presence of considerable amounts of the 
para-compound or of such possible impurities as toluene-o-sulphon- 
amide (Trans., 1905, 87, 242). 

Proctor finds that iodine is liberated from a solution of potassium 
iodide and iodate by saccharin and, more slowly, by /-sulphamino- 
benzoic acid, the reaction being quantitative. The powder (o.5- 
1.0 grm.) is weighed into a 150 to 200 c.c. flask with a well-fitting stop- 
per, and 50 to 75 c.c. of water added. A crystal or two of potassium 
iodide are dropped into the mixture, 10 c.c. of a 5% potassium iodate 
solution added and the mixture shaken gently. Pure o-benzoic- 
sulphinide dissolves almost immediately, liberating an equivalent 
weight of iodine which is titrated against standard sodium thiosul- 
phate solution. The presence of any large proportion of p-sulphamino- 
benzoic acid causes the powder to dissolve much more slowly and 
frequent shaking during 15 to 20 minutes may be required to effect the 
complete solution necessary before titration. If the proportion of the 
para-compound present is small, the number of c.c. of N/1o0 thio- 
sulphate solution used, multiplied by 0.0183 gives very approxi- 


es mately the total weight of o-benzoicsulphinide and p-sulphamino- 


benzoic acid present. 

A rapid, though only approximate, method of estimating the pro- 
portions of real saccharin and the para-compound in a sample, is 
based on the titration of 3 to 5 grm. of the latter with standard alkali, 
using phenolphthalein as indicator. 1 grm. of saccharin neutralises 
54.6 c.c., whilst the same weight of p-sulphaminobenzoic acid re- 
quires 49.7 c.c. of N/1o sodium hydroxide solution. From the 
volume of alkali required the percentage of each substance is easily 
calculated (Pharm. Post., 1901, 31, 234). 

Parmeggiani (Boll. chim. farm., 1908, 4'7, 37) states that saccharin 
in foods can be very accurately estimated by the following process: 
The liquid (or aqueous extract of a solid food) is concentrated, treated 
as described under Detection in order to remove salicylic acid and 
extractive matter, and extracted several times with a mixture of equal 
volumes of ether and light petroleum. The combined extracts are 
washed with water, evaporated to dryness, and the residue titrated 
with N/20o sodium hydroxide solution. For the estimation of 
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saccharin in foods containing benzoic acid, Testoni (Zeit. Nahr. 
Genussm. 1909, 18, 577) recommends that the ether extract of the 
food should be heated at 110° to 115° to volatilise the benzoic acid. 
Another method is to precipitate the saccharin from an alcoholic 
solution of the extract, as silver saccharinate AgC,H,SO,N by addition 
of silver nitrate solution, After standing 12 hours the precipitate is 
collected on a Gooch crucible, washed with alcohol, dried at 100° and 
weighed. A method of estimating saccharin in cocoa powder, depend- 
ing on the fusion of the substance, when isolated, with sodium carbonate 
and nitrate and determination of the sulphate formed, is described 
by van den Driessen Mareeuw (Pharm, Weekblad, 1907, 44, 245). 


CINNAMIC ACID AND ITS DERIVATIVES. 
Cinnamic Acid. (-Phenyl-acrylic Acid. 
C.H.0,=C,H,CO.0OH=C.0, .CH:CH. COOK: 

Cinnamic acid occurs free and as esters in liquid storax, Tolu and 
Peruvian balsams, in Sumatra benzoin, and in old oils of cinnamon 
and cassia, which sometimes deposit it in large crystals. 

For the methods of synthesis see Miller (Annalen, 1877, 188, 
196) and Perkin (Trans., 1877, 31, 389). It is manufactured by the 
action of sodium acetate on benzylidene chloride. 

Cinnamic acid crystallises in colourless, monoclinic prisms or lamine 
having a sp. gr. of 1.247. It melts at 133° and distils with more or 
less decomposition at about 300°. 


J. Kachler (Ber., 1869, 2, 512) gives the following table showing 
. the m. p. of various mixtures of cinnamic and benzoic acids: 


Cinnamic acid, % Benzoic acid, % IVES Es) 

100 fo) Tee 
99 I 131.8 
go Io 126.6 
80 20 II8.0 
70 30 108.2 
60 40 98.7 
50 50 84.3 
40 60 toi fegit 
30 70 IOI.4 

4 

5 

.2 

+3 


° Too 123 
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Cinnamic acid dissolves sparingly in cold water (1 in 3,500 at 17°), 
but readily in boiling water, alcohol, and ether. 

According to T. Bokorny, whilst cinnamic acid (in the form of 0.1% 
solution) is a good bactericide, the sodium salt is much less active, a 
1% solution being required to show any antiseptic action. The germi- 
cidal properties of cinnamic acid are stated to be greatly enhanced 
if used in conjunction with a little tartaric acid. 

Reactions.—Cinnamic acid, when slowly heated alone, or more 
readily if heated with lime, splits into carbon dioxide and cinnamene, 
CsHs, a small quantity of stilbene, C,,H,,, being also produced. 

A neutral solution of a cinnamate gives a precipitate with man- 
ganous salts, at first white but afterwards becoming yellow and crys- 
talline (benzoates give no precipitate). The precipitate formed 
with ferric salts is yellow. 

Cinnamic acid is also distinguished from benzoic acid by the smell 
of bitter-almond oil developed on warming it with chromic acid 
mixture. The same odour is produced by boiling cinnamic acid with 
water and lead dioxide, the latter substance gradually becoming yellow, 
and being partially converted into lead benzoate. 

When fused at a moderate temperature with potassium hydroxide 
cinnamic acid is split up with evolution of hydrogen and formation of 
potassium acetate and benzoate—C,Hsg0,+2KHO=KC,.H,0,+ 
KC,H;O,+H,. The presence of an acetate in the product is a proof 
of the existence of cinnamic acid in the original substance. 

Benzoic acid may be separated from cinnamic acid by crystal- 
lisation from boiling alcohol. The acids may also be separated by 
distillation in a current of steam, when benzoic acid nearly free from 
cinnamic acid passes over. By careful sublimation, the benzoic acid 
may also be completely separated, as little cinnamic acid volatilises 
below 200°. 

Cinnamic acid may be detected in presence’ of benzoic acid by 
Jorissen’s reaction (compare p. 407). 

For the detection of benzoic acid in cinnamic acid Lunge (Chem- 
isch-technische Untersuchungsmethoden, 1905, 3, 860) gives the follow- 
ing method: 1.grm. of the sample is shaken for an hour with roo c.c. 
of water at 20° and the liquid filtered. 50 c.c. of the filtrate are 
titrated with N/10 sodium hydroxide solution using phenolphthalein 
as indicator. If the sample is pure, the volume of alkali used will 
be 1.4 c.c., whilst in the presence of benzoic acid, which is more than 
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5 times as soluble as cinnamic acid, a larger volume will be required. 
Pure benzoic acid by this process gives a filtrate 50 c.c. of which 
neutralise 11.2 c.c. of N/1o alkali. By this test 1% of benzoic acid 
can be detected. 

Estimation.—Lunge (loc. cit.) estimates the cinnamic acid in a 
sample by dissolving 1 grm. in 10 c.c. of N-alkali and titrating back » 
with N-acid. 1 c.c. of N-sodium hydroxide solution corresponds to 
0.148064 grm. of cinnamic acid. 

Cinnamic acid combines with 2 atoms of bromine when treated with 
excess of this reagent under suitable conditions. In this way cin- 
namic acid may be estimated in admixture with benzoic acid, which 
does not take up bromine directly. The following directions are 
given by De Jong (Rec. trav. chim.,1909, 28, 342). About 2 grm. of 
mixed acids are dissolved in carbon disulphide, the solution treated 
with bromine and allowed to stand for 24 hours. The solvent and 
excess of bromine are then distilled off and the residue dissolved in 
_ ether. The ethereal solution is evaporated to dryness at ordinary 
temperature and the residue dried over sulphuric acid im vacuo, 
The solid is then powdered and heated at 100° in Ruber’s apparatus 
(Anal. u. Konst. org. Verb. von. H. Meyer, 1903, p. 14) and the 
residual phenyldibroma@propionic acid weighed. It is claimed that 
the separation is quantitative. The estimation may also be made as 
described under Salicylic Acid (p. 480). Bigelow recommends the 
following process for detecting cinnamic acid in foods (U. S. Dept. 
Agric, Bull, No, 122, 1909, 77). A mixture of 100 grm, of the 
food with 100 c.c, of water and 5 c.c. of sulphuric acid (1:5) is 
extracted three times with (50 c.c., 25 c.c., and 25 c.c.) chloroform, 
and the combined extracts evaporated to dryness after being 
rendered alkaline with ammonia. The residue is heated to 
boiling with 5 c.c. of dilute chromic acid mixture (1 part of dilute 
sulphuric acid saturated with potassium dichromate, and 7 parts of 
water), The odour of benzaldehyde is most apparent after cooling 
the liquid so that sulphuric acid fumes are no longer evolved. The 
method will detect 0,025 grm. of cinnamic acid per kilogram, 
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Methyl cinnamate, CH,.C,H,O.,, forms crystals melting at 33° 
and boiling at 263°. It is an important constituent of the essential oil 
of the rhizomes of Alpinia Malaccensis, and is also present in the leaves 
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of the same plant. Other oils derived from plants of the same species 
probably contain this ester. 

Ethyl cinnamate, C,H,.C,H,O., is produced by distilling to- 
gether cinnamic acid, alcohol, and strong sulphuric acid; or by saturat- 
ing a strong solution of cinnamic acid in alcohol with hydrogen 
chloride. It is a limpid liquid having sp. gr. 1.3 and b. p. 271°. 

Benzyl Cinnamate. Cinnamein. C,H,.C,H,O,. This sub- 
stance exists ready-formed in Peru and Tolu balsams. It may be 
obtained with some admixture of cinnyl cinnamate by treating the 
former substance with carbon disulphide, separating the insoluble 
matter, and distilling off the solvent from the solution. 

Benzyl cinnamate has an agreeable taste and feeble aromatic 
odour, resembling that of Peruvian balsam, but without the em- 
pyreumatic smell observable in the latter. It is commonly described 
as an oily liquid which is liable to solidify with conversion into a 
crystalline isomeric substance called metacinnamein. But when 
obtained pure by boiling together benzyl chloride, alcohol, and dry 
sodium cinnamate, it forms short shining white prisms, m. p. 39°, 
which may remain liquid for a considerable time if cooled to 0°. 
Benzyl cinnamate has sp. gr. 1.098 in the liquid state, and b. p. 225° 
to 235° with slight decomposition. It is nearly insoluble in water, 
but is readily dissolved by alcohol, ether, carbon disulphide, etc. 

By long exposure to air and light, benzyl cinnamate acquires an acid 
reaction. Itis readily saponified by alcoholic potassium hydroxide 
with formation of potassium cinnamate and benzyl alcohol, C,H,.OH. 

Phenyl cinnamate, C>H,C,H,O, has m. p. 72.5° and b. p. 206° 
15 mm.; at ordinary pressure it boils with decomposition. Phenyl 
propyl cinnamate occurs in small amount in Sumatra benzoin, in storax, 
and yellow resin. 

Cinnamyl Cinnamate. Styracin. C,H,.C,H,O,. This sub- 
stance occurs together with benzyl cinnamate in liquid storax, and 
Peru and Tolu balsams. It crystallises in tufts of beautiful prisms, 
m. p. 44°, which are devoid of smell or taste. It distils without decom- 
position in steam heated to 180°. Cinnamyl cinnamate is insoluble in 
water and but sparingly soluble in cold alcohol or light petroleum, but 
is easily soluble in ether or carbon disulphide. When treated with 
alcoholic potassium hydroxide it is saponified with formation of 
potassium cinnamate and 


Cinnamyl Alcohol, Styryl Alcohol, Styrone, $-Phenylallyl- 
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alcohol, CHPh: CH.CH,.OH. When cinnamyl cinnamate is 
cautiously distilled with aqueous potassium hydroxide, a milky 
distillate is obtained, and on saturating it with common salt the 
cinnamyl alcohol forms a creamy or oily layer on the surface. It 
may also be extracted from the distillate or the original liquid by 
agitation with ether. 

Cinnamy] alcohol forms soft, silky needles, m. p. 33°, b. p. 250°, hav- 
ing a sweet taste and an odour of hyacinths. It is soluble in about 
12 parts of cold water, a hot saturated solution becoming milky on 
cooling and remaining so for several hours, when the cinnamy] alcohol 
separates in crystalline needles, very soluble in alcohol and ether. 

Cinnamyl alcohol possesses valuable antiseptic properties, being 
as powerful in this respect as thymol. 

.Cinnamyl alcohol is converted by cautious oxidation into cinnamic 
aldehyde and cinnamic acid. With chromic acid mixture it becomes: 
hot and yields cinnamic acid, which separates on the surface, and on 
heating this becomes further oxidised to benzaldehyde. 

Cinnamene, styrene, or phenyl-ethylene (CsH.)CH:CH,, exists in 
small quantity ready-formed in liquid storax (page 462), and may be 
extracted by distilling the balsam with water to which sodium car- 
bonate has been added to neutralise the free cinnamic acid. The 
hydrocarbon passes over with steam, and collects as an oil on the sur- 
face of the distillate. Cinnamene may also be obtained synthetically, 
and, as stated above, by heating cinnamic acid alone or in admixture 
with lime or baryta. The reaction in the latter case is exactly parallel 
to that by which benzene is produced from benzoic acid and methane 
from acetic acid. 

Cinnamene is a colourless, mobile liquid, of sp. gr. 0.925 at 0°, 
having a pleasant aromatic odour. It remains fluid at —ro° and boils 
at 144°, the temperature of the contents of the retort being liable to 
rise suddenly from formation of metacinnamene. 

Stilbene, or diphenyl-ethyl€ne, (CsH;)CH.CH(C¢H,), crystallises 
in nacreous plates, m. p. 124°, b. p. about 306°. It unites with bro- 
mine to form a dibromide, C,,H,,Br,, of which 2 stereoisomeric 
modifications exist, the a, m. p. 237°, and the {, m. p. 110 to 110.5°. 


CINNAMIC ALDEHYDE. CHPh: CH.CHO. 


This occurs in oils of cassia and cinnamon, of which it constitutes 
the greater part. 
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Hanus (Zeit. Nahr. Genussm., 1904, 7, 669) found the following 
amounts of cinnamaldehyde in the different varieties of cinnamon: 
Ceylon cinnamon, 1.74 to 2.19%; cassia cinnamon, 2.08 to 3.81%; buds 
of the latter, 3.70 to 6.00%; cinnamon chips 1.23 to 1.42%. 

For the synthesis of cinnamaldehyde see Peine (Ber., 1884, 1'7, 2117). 

Cinnamaldehyde is a colourless oil, rather denser than water. 
It may be distilled in a vacuum, or with water free from air. On 
exposure to the air, it quickly becomes yellow and resinous, and ac- 
quires an acid reaction. It rapidly absorbs oxygen, especially in 
presence of moisture, and is converted into cinnamic acid. Chromic 
acid converts it into benzoic and acetic acids. 

Estimation.—Schimmel & Co. estimate cinnamaldehyde in 
cinnamon and cassia oils by the following process: 

A special flask with a somewhat flat-bottomed bulb and long neck 
is used. ‘The bulb holds about too c.c. The neck is about 13 cm. 
long, has a calibre of 8 mm., and is graduated to read too.1 c.c. The 
total capacity of the neck is a little over 6 c.c. The zero-mark is 
slightly above the point at which the neck joins the bulb. to c.c. of oil 
are transferred to the flask and ro c.c. of a 30% solution of sodium 
hydrogen sulphite added. The mixture is shaken and immersed in 
boiling water. When the mass has melted, more sodium hydrogen 
sulphite solution is added. and, still shaking, the addition of small 
amounts of sulphite is continued until the volume of the mixture is 
about 75 c.c. The heating is continued until no more solid particles 
are present and the odour of cinnamaldehyde has disappeared. 
When the clear oil floats upon the salt solution, the flask is removed 
from the bath, and when the contents are cold, sufficient sulphite 
solution is added to raise the lower limit of the oily layer to zero. 
The amount of oil is then read off, and by deducting this number 
from 10, the volume of cinnamaldehyde in the sample is obtained. 
As the sp. gr. of the aldehyde and other constituents are nearly the 
same, the reading may be taken as percentage by weight. 

Burgess (Analyst, 1904, 29, 78) advocates a similar method, but 
uses neutral sodium sulphite and neutralises the alkali as it is formed 
in the action by the gradual addition of aceti¢ acid, phenolphthalein 
being present as indicator. The action is complete when the liquid 
ceases to become alkaline on standing after further addition of sulphite. 

The process employed by Pouchand (Schweiz. Woch. Chem. Pharm., 
1904, 42, 146) is based on the same principle. 
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Sadtler, whose method is adopted in the United States Pharmaco- 
peeia, follows Burgess’s directions, but estimates the aldehyde by 
determination of the amount of alkali formed in the reaction. 12 
drops of the oil are weighed into a 150 to 200 c.c. flask, mixed with 
sc.c. of water and a few drops of rosolic acid solution, and the 
liquid exactly neutralised with N/t1o alkali. s5o0c.c. of a 20% sodium 
sulphite solution are added and the flask immersed in boiling water. 
Sufficient NV/2 hydrochloric acid is gradually added to keep the liquid 
neutral, whilst the flask is continuously heated and shaken. When a 
condition of permanent neutrality is reached, the volume of N/2 acid 
used, is noted. A blank experiment is made using exactly the same 
quantities of reagents, but no aldehyde. The volume of N/2 hydro- 
chloric acid required is deducted from that used in the estimation. 
Each c.c. of difference corresponds to 0.033 grm. of cinnamaldehyde. 

J. Hanus (Zeit. Nahr. u. Genussm., 1903, 6, 817) found that cinnam- 
aldehyde, both pure and as it occurs in cinnamon and cassia oils, 
may be quantitatively precipitated in the form of semioxamazone, 


Get. CH: CH. CoisN-NEL€C@O:CO INE. 


by treating an aqueous suspension with a solution of semioxamazide 
in hot water. o.10 grm. of the aldehyde is weighed off, emulsified 
by agitation with 100 c.c. of water treated with 0.25 to 0.35 grm. 
of semioxamazide in 15 c.c. of hot water; the mixture is well shaken 
together, occasionally for 3 hours, then allowed to stand for 24 hours. 
The crystalline cinnamaldehyde semioxamazone is then collected on a 
tared Gooch filter, washed with cold water, dried at 105° for about 
4 or 5 hours, then weighed. The weight of semioxamaxone multi- 
plied by the factor 0.6083 gives the amount of cinnamaldehyde pres- 
ent. For the estimation of the amount of aldehyde in cinnamon and 
cassia oils from 0.15 to 0.2 grm. should be employed. 

To estimate the amount of cinnamaldehyde in cinnamon or cassia 
barks, from 5 to 8 grm. of the finely ground material are distilled with 
steam until about 400 c.c. of distillate have been collected. The vola- 
tile oil is extracted from the distillate by shaking out 3 or 4 times with 
ether, and after distilling off the ether, the oil is emulsified and treated 
with semioxamazide as described above. By this method commercial 
cinnamaldehyde has been found to yield from 99.21 to 100.66% 
commercial cinnamon oil from 46.78 to 80.51% of cinnamaldehyde; 
Ceylon cinnamon oil from another source, 79.05 to 80.33%. Syn- 


CINNAMIC ALDEHYDE. 443 


thetic cassia oil, 95.19 to 95.58% of cinnamaldehyde. Cinnamon 
bark was found to yield from 1.75 to 2.04% of aldehyde. 

It is claimed that the method gives results more accurate than those 
of the sulphite absorption process generally employed. With com- 
mercial cinnamaldehyde, Allen obtained figures which were nearly 
5% lower than those given by the sulphite method. With the natural 
oils, however, the latter method gave results from 4 to 6% lower than 
this gravimetric process. 

Oil of Cinnamon. Oil of Cassia.—The volatile oil of cinnamon 
is prepared by distilling the chips and refuse bark with water. 

The oil of Ceylon cinnamon is a pale yellow or reddish liquid, be- 
coming red-brown and thicker on exposure to air, and finally separat- 
ing crystals of cinnamic acid. It has a strong, but agreeable, cinna- 
mon odour, and a sweet, pungent, aromatic taste. The sp. gr. increases 
with the age of the oil. It remains clear at —10°, but at a lower 
temperature (—20°) separates a stearoptene. It is readily soluble 
in alcohol, but not in cold light petroleum, and when fresh is neutral 
to litmus, becoming acid by oxidation. 

In addition to cinnamaldehyde, cinnamon oil contains small 
amounts of eugenol, phellandrene, methyl n-amyl ketone, pinene, 
cymene, furfural, benzaldehyde, nonylaldehyde, cuminaldehyde, 
caryophyllene, linalool, linalool zsobutyrate, and hydrocinnamalde- 
hyde (Walbaum and Hiithig, J.pr. Chem., 1902, [ii], 66, 47). Schim- 
mel & Co. prepare an artificial cinnamon oil by mixing cinnamal- 
dehyde with small quantities of these substances. 

Some cinnamic acid may be present, the amount depending on the 
age of the sample, as the acid is produced by the oxidation of the 
aldehyde. The so-called “cassia stearoptene,’’ described by Roch- 
leder, is found only in old cassia oil. It is a complex aldehydic deriv- 
ative. Cinnamy]l acetate is sometimes present. 

Hirschsohn (quoted from Phar. Zeit. f. Russl., 1891, 30, 790; by 
Gildemeister and Hoffmann, ‘Volatile Oils,” p. 386) found that 
owing to the solvent action of cinnamic acid on lead, the oils are apt 
to become contaminated with that element from the leaden vessels 
in which they are often imported. As the oils are used for food- 
flavours and sometimes in medicines for internal use the presence of 
lead is a danger. 

According to the British Pharmacopeeia, oil of cinnamon should 
have sp. gr. 1.025—1.040, should dissolve in 2 volumes of 70% alcohol, 
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and should contain at least 50% of aldehyde. The United States 
Pharmacopceia requires not less than 75% cinnamaldehyde, whilst 
the German Pharmacopeeia puts the limit at 70%. 

Adulterations of Oil of Cinnamon.—Oil of Ceylon cinnamon is 
liable to be adulterated with oil of cassia and oil of cinnamon leaves. 
The important data for detecting these are the amounts of eugenol 
and cinnamaldehyde. Parry found many samples of cinnamon oil 
in the London market which had been adulterated with a mixture of 
cinnamon-leaf oil and synthetic cinnamaldehyde added in large pro- 
portion to the genuine oil. He gives the following figures yielded by 
adulterated oils of this type: 


Sp. gr. % Cinn. ald. % Eugenol 
| 

I.036 2505 45 

I.042 24.8 47 

I.O51 | 27.0 49 


A qualitative test for eugenol is often of use. A drop of genuine 
cinnamon oil dissolved in 5 drops of strong alcohol produces a pale 
green with ferric chloride, but leaf oil produces a deep blue. 

When the amount of cinnamaldehyde is low an estimation of the 
eugenol should be made. The most accurate method is that described 
by Thoms (Ber. Pharm. Ges., 1891, 1, 279). The oil is mixed in a 
beaker with 4 volumes of 15% sodium hydroxide solution and treated 
with excess of benzoyl chloride. Esterification takes place rapidly if 
the mixture is well stirred. After cooling, water is added and the crys- 
tals melted, washed with warm water, and dissolved in a small quan- 
tity of hot 90% alcohol. The solution is shaken whilst being cooled to 
17°, so that the benzoyleugenol separates in small crystals. The 
latter are collected on a tared filter, washed with a small known volume 
of alcohol, dried at 101°, and weighed. A correction must be made 
for the amount of benzoyleugenol dissolved in the (90%) alcohol, 
too c.c. of which at 17° dissolve 2.20 grm. 

Umney (Pharm.J., 1895, [iii], 25, 949) has suggested a simpler process, 
namely, to determine the diminution of volume resulting upon shak- 
ing the sample with a 5% solution of potassium hydroxide. The 
alkali dissolves some of the other constituents, but approximations 
can be made by the method. Adulteration may be assumed if the 
‘“‘eugenol content” is over 10%. 
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Pool (Pharm. Weekblad, 1903, 40, 1101) states that the presence of 
5% of oil of cloves can be detected in oil of cinnamon by means of 
Jacquemin’s test. 1 c.c. of a dilute solution of aniline is treated with 
sodium hypochlorite solution until the liquid assumes a violet colour, 
when a drop of the oil is added. If the cinnamon oil is pure a dirty 
violet solution is obtained on shaking, which after diluting with water 
gives a clear violet filtrate, whilst in the presence of oil of cloves a green 
filtrate is obtained. 

The oil of Chinese cinnamon, commonly known as oil of cassia, 
closely resembles the Ceylon product, except that its colour is deeper, 
its odour less delicate, its taste less sweet, and its sp. gr. somewhat 
higher—usually between 1.055 and 1.065. It is only slightly optically 
active, sometimes inactive. It should contain 70% cinnamaldehyde, 
and even then may not be of high quality, as good samples contain 75% 
or even 80%. In the London market the oil is graded by its aldehyde 
content, being sold as 70 to 75%; 75 to 80%; 80 to 85%. 

A good cassia oil will contain not less than 75% of cinnamaldehyde. 
Only in rare instances does it rise above 90%. Gildemeister and 
Hoffmann (‘‘ Volatile Oils,” p. 389) state that genuine oils from China 
have been noted in which the aldehyde content was below 50%, yet no 
adulteration could be recognised. ‘The explanation of this could not 
be positively ascertained. 

Oil of cassia is soluble in 3 to 4 volumes of 70% alcohol, and in all 
proportions of go% alcohol. It gives a brown colouration with ferric 
chloride and forms a crystalline mass when shaken with an equal 
volume of nitric acid. 

Adulterations of Oil of Cassia.—Adulterations of cassia oil, 
practised in former years with fatty oils, cedar-wood oil, and gurjun 
balsam, were easily detected, as the sp. gr. was lowered by the adulter- 
ants and the free solubility in 80% alcohol was prevented. Cedar- 
wood oil and gurjun balsam have a strong levo-rotation. 

Adulteration with a mixture of colophony and petroleum cannot be 
detected by these data. Schimmel & Co. (Semi-annual Rep., Oct., 
1889, 15; also ‘‘ The Volatile Oils,” Gildemeister and Hoffmann, p. 387) 
devised the following test for detecting this admixture: 

50 grm. of cassia oil are weighed in a tared fractionation flask. A 
tube 1 metre long is attached as a condenser, and the oil is distilled 
with direct flame. At first, water passes off with crepitation, then the 
temperature rises rapidly to 240° and the bulk of the oil distils between 
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240° and 280°. When white fumes appear, indicating the beginning of 
decomposition of the residue, the distillation is stopped. The temp- 
erature may rise to 280° to 290° at this time. The flask is cooled and 
weighed. A good oil leaves a residue viscid and tough and not more 
than 10% of the original oil. The adulterated oil leaves a hard, 
brittle residue weighing more than 10%. The oil forms a clear solution 
with 70 to 80% alcohol. If petroleum is present, the mixture with 
such alcohol is turbid, and on standing some of the petroleum products 
separate. 

Cassia oil that contains colophony and petroleum is soluble in 80% 
alcohol, but if only the latter is present the solution is turbid, the petro- 
leum separating in oily drops. The following additional tests are 
taken from the work noted above: 

Gilbert (Chem. Zeit., 1889, 13, 1406) suggests heating several grm. 
of the sample in a watch-glass in a drying oven at 110° to 120° to con- 
stant weight. He also states that the acid number is of value. An 
oil which upon distillation left 6% of residue had an acid number of 13. 
On adding 20% of colophony (having an acid number of 150) the acid 
number of the mixture was 4o. An oil yielding 28% of residue had an 
acid number of 47. 

Hirschsohn (Pharm. Zeit. f. Russl., 1890, 29, 255) uses lead acetate 
as follows: 

1 c.c. of the sample is added to 3 c.c. of 70% alcohol, and this is 
mixed, drop by drop, with a freshly prepared solution of lead acetate 
in 70% alcohol until the volume of the latter solution is half that of the 
oil solution. A precipitate shows colophony. Hirschsohn states 
that as little as 5% can be thus detected. 

Oil of Cinnamon Leaves.—This is obtained by distilling the leaves 
of Ceylon cinnamon, but was at one time sold as oil of cinnamon root. 
Schimmel & Co. first pointed out the source. <A product formerly 
sold as cinnamon-leaf oil has disappeared from commerce, and the 
true oil under its proper name has taken its place. 

Oil of cinnamon leaves is a mobile, nearly colourless liquid, with an 
odour recalling both cloves and cinnamon. The sp. gr. ranges from 
1.044 to 1.065. The oil has slight optical activity—sometimes nega- 
tive, sometimes positive. The chemical composition is not clearly 
made out, but it contains eugenol and only a small amount of cin- 
namaldehyde. 


COUMARIN. . 447 


COUMARIN, 
({x] CH: CH 


wel is 0.CO 


This is sometimes called “‘tonka-bean camphor.” It is the odor- 
iferous ingredient of tonka, the seed of several species of Dipteryx, and 
also occurs abundantly in the leaves of Liatris odoratissima. It occurs 
also in the leaves of several other plants. Coumarin forms colourless 
crystals, m. p. 67°, having an odour recalling that of vanillin but not so 
pleasant. It is very sparingly soluble in cold water, more so in cold 
alcohol (13 parts to 100 of alcohol at 16°); in hot alcohol it is freely 
soluble. It can be prepared synthetically by the interaction of sodium 
acetate, salicylic aldehyde, and acetic anhydride (Perkin, Annalen, 
1868, 147, 230). 

Kastle (see page 431) found that when the phenolsulphonic test for 
saccharin is applied to vanillin, the mixture becomes yellow and when 
the mass is heated to 160° for some minutes it becomes red and finally 
black. The solution of the mass in water becomes red on addition of 
sodium hydroxide. Coumarin gives no colour. 

Coumarin is used in the preparation of perfumes, being mixed 
with other odoriferous principles, but its most important application 
from a practical analytic point of view is as an adulterant and substitute 
for vanillin (see under ‘‘Vanillin’’). 

Coumaric Acids.—Hydroxycinnamic acids, OH.C.H,.CH: 
CH.CO,H. 3 isomeric forms are, of course, known, respectively, 1-2, 
1-3, and 1-4. The 1-2 form occurs in the leaves of species of Meli- 
lotus and in Angrecum fragrans. It can also be prepared by boiling 
coumarin with strong solution of potassium hydroxide or sodium ethox- 
ide. It crystallises in colourless prisms, m. p. 208° (decomp.), which 
are freely soluble in water and alcohol. Solutions of alkali coumarates 
show a bright green fluorescence. By fusion with potassium hydroxide, 
1-2 coumaric acid is converted into salicylic and acetic acids. By 
the action of nascent hydrogen it is converted into melilotic acid. 

1-4 coumaric acid occurs in small proportion in red acaroid resin, 
partly free and partly as a complex ester, and in larger proportion in 
yellow acaroid resin. Esters of this acid are also found in Cape aloes 
and in the resin of Picea vulgaris. The acid can be obtained by 
hydrolysis of a glucoside naringin, which occurs in the blossoms of 
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Citrus decumana, and may also be obtained by careful oxidation of 1-4 
hydroxy-benzaldehyde. 

Melilotic Acid.—1-2 hydrocoumaric acid, OH.Cs6H,CH,.CH.,- 
(COOH), is’ obtained by the action of sodium amalgam on 1-2 
coumaric acid or on coumarin. It occurs in association with coumarin 
in yellow melilot (Melilotus officinalis). It melts at 82° to 83° and 
produces a bluish tint with ferric chloride. It yields salicylic and 
acetic acids when fused with potassium hydroxide. When distilled 
alone, it is converted into its lactone or anhydride, hydrocoumarin, 


, m. p: 25°, b. p. 272°. It can be regenerated by 


boiling with water. 
Ferulic acid, C,.H,.O,, m-methoxy-p-hydroxycinnamic acid, 
CH CH.CO,H 


ke | occurs in the resins of Pinus Laricis asafcetida, and 


opoponax. It can be isolated from asafcetida by mixing the alcoholic 
solution with an alcoholic solution of lead acetate. Lead ferulate is 
precipitated, which is decomposed by means of dilute sulphuric acid 
not in excess, the watery liquid is decolourised with animal charcoal 
and the acid and the crystalline residue taken up with hot alcohol and 
allowed to crystallise out. 

Ferulic acid reduces Fehling solution, and gives a dark yellowish- 
brown precipitate with ferric chloride. 

Ferulic acid is related to wmbellic acid, the lactone or anhydride of 
which, ‘“‘wmbelliferone,” “‘hydroxycoumarin,”’ occurs in asafoetida and 
galbanum resins and in the bark of the Daphne mezereum. 
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The aromatic “‘balsams” are such of the oleo-resinous exudations 
of plants as contain benzoic or cinnamic acid, and yield cinnamic or 
benzoic methyl or ethyl esters by dry distillation. The term “‘balsam”’ 
is misapplied to ‘Canada balsam” and ‘“‘copaiba balsam,”’ which are 
true turpentines and do not contain or yield benzoic or cinnamic acid. 

The aromatic balsams of practical interest are gum benzoin, Peru- 
vian balsam, Tolu balsam, and liquid storax. The first of these will 
be conveniently considered separately, and the others conjointly under 
the head of ‘‘Cinnamic Balsams.” 
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Gum Benzoin.—Gum Benjamin. The greater part of the benzoin 
of commerce comes from the Styrax benzoin, a tree of the East Indies. 
Several varieties of the balsam are known of which the more impor- 
tant are: Siam and Sumatra benzoin (from the S. benzoin); Penang 
benzoin (probably from the S. subdenticulata); Palembang benzoin 
(source uncertain, but not from S. benzoin); Padang benzoin (source 
uncertain). 

Siam benzoin is the finest variety and occurs in tears, or masses 
consisting of loosely agglutinated tears, yellow, reddish, or brown 
externally, and translucent, milk-white, or almond-like internally. 
It sometimes occurs in brownish lumps, which when broken present 
an amygdaloid appearance from the white tears imbedded in the 
darker resinous matter. Siam benzoin melts at 75°. This variety is 
never enveloped in cotton cloth. 

Siam benzoin is mostly composed of a mixture of benzoresinol 
benzoate and siaresinotannol benzoate, the latter being the more 
abundant. Among other ingredients are cinnamyl benzoate, or 
benzyl benzoate (0.3%), vanillin (0.15%), free benzoic acid, which 
may be as high as 15%, and a small amount of impurities (Liidy, 
Arch. Pharm., 1893, 231, 461. See also Reinitzer, Zeit. angew. 
Chem., 1909, 22, 1904.) As arule,cinnamic acid or cinnamic esters 
do not occur in Siam benzoin, which fact serves to distinguish it from 
the Sumatra and Penang sorts; but some observers report samples 
of Siam benzoin in which cinnamic acid or its esters exist. 

It should leave practically no ash. 

Sumatra benzoin has a weaker and less agreeable asic than that 
of Siam benzoin. It occurs in large rectangular blocks, marked with 
the impression of a mat and covered with a white linen cloth. When 
broken, few but large white tears are seen in it. It is generally com- 
posed of brown resiniform matter with numerous small white chips 
or pieces intermixed, which give it a granitoid appearance. The 
white portions melt at 85° and the darker portions at 95°. 

Sumatra benzoin consists principally of a mixture of a small 
amount of benzoresinol cinnamate and much _benzoresinotannol 
cinnamate. The remaining ingredients are free benzoic acid, styrol, 
traces of benzaldehyde, benzene, vanillin 1%, phenylpropyl cinnamate 
(about 1%), cinnamyl cinnamate (styracin) (2-3%) (Liidy, Arch. 
Pharm., 1893, 231, 43)- ' 

The part soluble in ether when ignited leaves 0.01% ash. 

Vou, III.—29 
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Cinnamic acid, indicated by the production of an odour of benz- 
aldehyde on heating the benzoin with chromic acid mixture, is said 
by Muter to be characteristic of the Sumatra product. He gives as 
specially distinctive characters of Siam benzoin: the production of a 
cherry-red benzoin when sulphuric acid is added to the residue left on 
evaporating the solution of the benzoin in light petroleum; the com- 
plete solubility of the sample in chloroform, but not in ether; and the 
lower m. p. 

Palambang benzoin appears to be in the main similar to Siam 
benzoin in composition. 

Padang Benzoin.—The composition of this is not well made out, 
but it seems to contain no cinnamic acid or ester thereof. 

Penang benzoin closely resembles the Sumatra variety, but occa- 
sionally differs from it in colour, and more so in odour, which then sug- 
gests that of storax. 

It contains cinnamic esters. 

Qualitative Tests.—Gum benzoin always contains more or less bark 
and similar matters, and in inferior specimens these are present in very 
large proportion. With the exception of these impurities, benzoin 
should dissolve in 5 times its weight of alcohol. The resultant tincture 
from Siam benzoin has a distinct red colour, whilst that yielded by the 
other varieties is brown or yellowish-brown. On addition of water, 
the liquid becomes milky, and the odour peculiar to the particular 
variety is readily perceived. That of Siam benzoin is pleasantly 
balsamic and similar to vanilla; Penang benzoin often smells like 
storax; whilst the odour of Sumatra benzoin is fainter, less pleasant, 
and distinct from either of the former. 

The presence of cinnamic acid may be recognised by the odour of 
benzaldehyde (bitter-almond oil), developed on adding potassium 
permanganate to the hot liquid obtained by boiling the benzoin with 
milk of lime and filtering. Or the tincture of benzoin may be treated 
with water, and the liquid, filtered from the precipitated resin, treated 
with a solution of permanganate or bleaching powder. Another method 
is to triturate the benzoin with lead dioxide and distil the mixture 
with water. 

The United States Pharmacopeeia (1900-1905, 8th Decennial Rev.) 
_ makes no specific distinction of the varieties of benzoin, but mentions 
Siam, and Sumatra benzoin. The official article is required to dis- 
solve almost wholly in 5 times its weight of warm alcohol (95% by 
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volume), the solution being acid to litmus. It must be entirely solu- 
ble in a solution of potassium hydroxide or sodium hydroxide and 
must not contain more than 2% of ash. 

Analysis.—K. Dieterich (Anal: d. Harze, etc.) has devised a process 
applicable to benzoins in the commercial condition. This includes 
the estimation of ash and of data termed, respectively, “‘indirect 
acid number,” ‘“‘cold-saponification number,” and “ester number.” 
The last value is derived from the first two. The procedures are as 
follows: The weighed portions should be taken from a compara- 
tively large amount of the material that has been finely powdered and 
well mixed. 

Indirect Acid Number.—1 grm. is mixed in a flask with roc.c. of 
half-normal alcoholic alkali and 50 c.c. of 96% alcohol. The mixture 
is allowed to stand exactly 5 minutes, and then titrated with half- 
normal sulphuric acid and phenolphthalein until the solution is yellow, 
and a fresh portion of the indicator does not turn red on being dropped 
into the liquid, and the sodium sulphate separates readily. The 
supernatant liquid must be yellow. The c.c. of alkali neutralised by 
the sample, multiplied by the 28.08, gives the acid number. 

Cold-saponification Number.—1 grm. of the sample is placed 
in a glass-stoppered flask with 20 c.c. of half-normal alcoholic alkali 
and 50 c.c. of light petroleum (sp. gr. 0.700). The flask, tightly 
closed, is allowed to stand for 24 hours at room temperature; after 
dilution with alcohol, the liquid is titrated with half-normal sulphuric 
acid and phenolphthalein. The c.c. of alkali neutralized, multiplied 
by 28.08, gives the cold-saponification number. 

The ester number is the difference between the above data. 

Dieterich gives the following as the limits of values with pure 
samples of the different benzoins: 


Siam Sumatra | Palambang Padang | Penang 
TAG les aie aoe ene Ayo tee ieee I.1-4.02% 1.07% 0.38-0.77% 
Gad eACNG. ea. ate: I4O-170 |100-130 |113.4-130.9 |121.8-124.6 |121.8-137.2 
@old=SaNeiaseca. sss 220-240 |180—-230 198-219.8 |201.6-205.8 210-296.8 
DEIN a petipae Bee 50-7 65-125 84-91 79 ..8-81.2 87.5-91.7 
Sol. in 96% alcohol. 95% | 70-80% OIGGy | Plmctaces teecate 94% 


Dieterich found that the above data are more or less influenced by 
several of the usual adulterations of benzoin. Dammar and storax 
depress the acid number; turpentine depresses the cold-saponification 
and ester numbers; colophony depresses the acid number, but the effect 
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is noticeable only when comparatively large amounts are present. 
For special tests for colophony, see under that substance. 

The Helfenberger Annalen for 1903 (quoted by Chem. and Drug., 
1904) gives the following data from a sample of Siam benzoin, but the 
details of the methods used are not available: 


FNCICEValUIG ernie tie eee ete te olds nano neee 126.2 

ORS OMEN NCP ean Sag wet tata Bia orn atu anys te 0 0c c 96.4- 95.0 
SapOMsicawonlvalMers iat. oracle 1a cede eee 221.2-222.6 
INAS se fact ce A Os SM MES Pc 3% 0.27% 
18aG(e) Rilo} Gn bo hg oetaes Beare eet oat 1 ats c 220%, 


The estimation of the cinnamic acid may be approximately 
effected as indicated on page 438. As much as 11% has been found. 

Gum benzoin often contains from 12 to 14% of benzoic acid, but 
occasionally 18 or 20% is reached. ‘The proportion present may be as- 
certained by the following sublimation process: The sample is. 
powdered, mixed with sand, and the mixture heated in a beaker or 
earthenware jar, furnished with a cap of thin filter-paper pierced with 
small holes. Over this is placed a cone or hood of stout paper. The 
benzoic acid sublimes and condenses on the inside of the hood, any oil 
and impurities being retained by the diaphragm of filter-paper. 

Another method for the approximate assay of gum benzoin is to. 
digest 10 parts of the powdered gum with 6 parts of slaked lime and 
too parts of water. After 6 hours, the liquid is boiled, filtered, and 
the residue washed. The filtrate is concentrated, rendered strongly 
acid with hydrochloric acid, and thoroughly cooled. The precipi- 
tated benzoic acid is filtered off, washed with a little water, and dried 
between folds of blotting-paper. The small quantity of acid retained 
in the mother liquor may be extracted by agitation with chloroform, 
and the residue left by the spontaneous evaporation of the chloroform 
may be added to the main quantity of benzoic acid. A preferable 
plan is to agitate the acidified liquid at once with chloroform, without 
filtering off the precipitated benzoic acid, and subsequently to recover 
the benzoic acid from its chloroform solution by the spontaneous. 
evaporation, of the solvent, assisted by a current of dry air from a 
bellows. If ether be substituted for the chloroform, the product will 
contain a small quantity of water and the estimation will be too high. 
In any case, the benzoic acid extracted by chloroform or ether from 
Siam benzoin will be liable to contain vanillin. 

Tincture of Benzoin.—This is a simple solution of benzoin in 
alcohol of about 95%; usually the proportion is 1 of benzoin to 5 of 
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alcohol. Compound tinctures are also used. The assay of these prep 
arations is not much understood. For the compound tincture pre” 
pared according to the British Pharmacopceia it has been claimed that 
it will be of such strength that ro c.c. will leave not less than 1.8 grm. 
of residue on evaporation. Owing to the volatility of some of the in- 
gredients, it is difficult to evaporate to constant weight. E. Dowzard 
(Chem. and Drug. 1904, 64, 327) states that the following process will 
give good results: 

2 c.c. of the sample are placed in a tared flat-bottomed nickel basin 
(diameter about 6 cm.); to this o.1 grm. of recently ignited mag- 
nesium oxide in fine powder is added; the mixture is worked into a 
smooth condition with a small glass rod, which should be weighed with 
the basin. After allowing the mixture to stand for about 15 minutes, 
the alcohol is slowly driven off, stirring continually. The basin is 
then placed in a water-oven, and its contents dried at 99° to 100° for 4 
or 5 hours. For drying purposes Dowzard uses an oven through 
which a slow current of dry air passes, a high vacuum being at the same 
time maintained. If an ordinary drying-oven is used, a longer time will 
be required than when using a vacuum apparatus. Before taking out 
of the oven, a cap of filter-paper perforated with small holes should be 
placed over the basin, as crepitation occurs on cooling. If after the 
first weighing a further drying is considered necessary, the perforated 
cap should be put over the basin before it is placed in the oven, and 
should not be removed until the moment before weighing; if this pre- 
caution is not taken, a slight loss may occur. 

The weight of magnesium oxide used must of course be subtracted 
from the result. The benzoic and cinnamic acids are part of the total 
solids, and most important constituents of the tincture; they should 
therefore be fixed by chemical means before drying. 

A large batch of this tincture, made on the manufacturing scale, was 
found to contain 19.4 grm. of extractive per roo c.c. when tested by the 
above method, using magnesium oxide as a fixing agent. If the ex- 
tractive from a compound tincture of benzoin is dried to a constant 
weight at 100°, the results will be from 2% to 2.5% below the actual 
amount of total solids present. 
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Under this description are included Peruvian balsam, Tolu balsam, 
and liquid storax. These substances are all closely allied to one 
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another, but in their physical properties and quantitative chemical 
composition, they present considerable differences. 

The following table exhibits the more important distinctions be- 
tween Peru and Tolu balsams and storax: 


Peruvian balsam Tolu balsam Liquid storax 
Botanical origin... | Toluijera Pereire. Tolusfera Balsamum | DOs orien- 
| | — talis. 
Geographical origin | San Salvador, Central) Colombia, _Turbace,| Asia Minor. 
America | Tolu, and Venezuela, 
Consistency and ap- | Viscid, but not glu-| When fresh, yellow) Brownish-yellow or 
DEATANCES . 1 e5..0< tinous, dark brown transparent, and) greyish, viscous 
liquid, resembling liquid; changing} liquid. Under the 
molasses; transpa-| rapidly to reddish-} microscope shows 
rent and _ reddish- brown, and becom-| globules of water, 
brown in thin layers ing solid and friable tabular crystals of 
Gradually thickens or brittle; but soft- cinnamic acid, and 
on exposure. ening between the| frequently feathers 
teeth, and readily of styracin. 
fusing. Such sam-) 
ples havea granular 
crystalline struc- 
ture; and crystals of| 
cinnamic acid are| 
visible under the} 
microscope. | 
PLASLG Ne Ree nuaete-a "ee Bitter and persist-| Sweetish, aromatic,) Pungent and bal- 
ently irritating. and somewhat irri-| samic, 
| tating. 
Odour Agreeable. Aromatic; more appa-| Sweetish or strong 
rent on warming. | and oppressive. 


The cinnamic balsams are closely allied, consisting essentially 
of the benzyl and cinnamyl esters of benzoic and cinnamic acids, 
mixed with resinous oxidation products of these esters, free benzoic and 
cinnamic acids, and the hydrocarbon cinnamene. The leading or 
characteristic constituents of Peru balsam may be said to be the cin- 
namein or benzyl cinnamate and styracin or cinnamyl cinnamate. 
Free benzyl alcohol is also present. In Tolu balsam, on the other 
hand, the proportion of resin is large; but of the esters benzyl benzoate 
predominates, and cinnamyl benzoate and cinnamate exist in but small 
proportions. In liquid storax of Mexican origin, phenylpropyl cin- 
namate exists in considerable quantity together with 2 isomeric alcohol- 
like substances called a- and (-storesinol, to which the formula 
C36H,;;.(OH), is attributed (Ber., 1876, 9, 274), and the cinnamic 
esters of these substances. 

_In some cases the substances obtained from the cinnamic balsams 
have been decomposition products of the methods of analysis. The 
following method may be adopted for the recognition of the principal 
constituents of aromatic balsams: The substance is dissolved in 
2 or 3 parts of ether, and filtered from any insoluble matter. The 
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solution is agitated with an equal volume of normal sodium hydroxide, 
the alkaline liquid withdrawn, and the agitation repeated with a 
fresh quantity of solution. If desired, the total acidity of the balsam 
can be deduced from the titration of an aliquot part of the alkaline 
liquid. The ethereal layer is then washed with water, and distilled 
at a gentle heat, the residue of neutral esters, etc., being weighed. 
The residue is then fractionally distilled. 

The first fraction will contain any cinnamene which may be present, 
the next being rich in benzyl alcohol, which may be extracted by agi- 
tation with water and will yield benzaldehyde and benzoic acid by 
oxidation. Cinnamyl alcohol and benzyl benzoate pass over next, 
and at a higher temperature benzyl cinnamate and cinnamyl benzoate 
and cimnamate may be obtained.- These esters suffer more or less 
decomposition unless the distillation is conducted in vacuo, and 
hence the last fractions consist largely of cinnamic acid, which can be 
removed by agitating the distillate with sodium carbonate solution. 
The alkaline liquid separated from the ethereal solution should be 
saturated with carbon dioxide, which precipitates much resin. The 
liquid is filtered, concentrated, and treated with hydrochloric acid, 
when a bulky precipitate is obtained representing the free benzoic and 
cinnamic acids of the balsam. ‘These substances may be identified by 
their ordinary reactions. For their approximate separation, one half of 
the precipitate may be boiled with milk of lime and the liquid filtered 
and allowed to become cold, when the sparingly soluble calcium cinna- 
mate is deposited in shining needles, the more soluble benzoate re- 
maining in solution. The methods indicated on page 407 may also be 
utilised for the separation of the 2 acids. When an exact estima- 
tion of the free acids of a balsam is desired, it is better to agitate the 
ethereal solution with sodium carbonate instead of sodium hydroxide, 
as the latter reagent is liable to cause some decomposition of the esters. 

Except for purposes of research, it is rarely necessary to make such 
an analysis of a balsam as is indicated above. 


PERUVIAN BALSAM. 


White Peru balsams have been described by Biltz (Chem. Zeit., 1902, 
26, 436), Thoms and Biltz (Zeit. Oesterr. A poth. V., 1904, 42, 943), 
and by Hartwich and Hellstrém (Arch. Pharm., 1905, 243, 218). 

Peruvian balsam is readily soluble in all proportions in absolute 
alcohol, glacial acetic acid, chloroform, acetone, and ethyl acetate; 
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with an equal bulk of alcohol and ether it yields a clear solution, which 
on further addition of the solvent becomes turbid and deposits resin. 
Diluted alcohol takes up only a small proportion of the balsam. 
Cold ether and light petroleum dissolve it partially. 

Cold light petroleum only dissolves the cinnamein and cinnamic 
acid of the balsam, but on employing the hot solvent styracin is also 
dissolved and is deposited in crystals on cooling. Carbon disul- 
phide acts in a characteristic manner. Agitated with three times its 
weight of the cold solvent, the greater part of the balsam is dissolved 
to a colourless or slightly coloured liquid, from 10 to 16% remaining 
as a reddish-brown, sticky liquid, adhering firmly to the sides of the 
glass, whilst the solution may be readily poured off. 

Analysis.—The investigations of Dieterich (Anal. d. Harze., etc.) 
have shown that many of the commonly accepted tests for purity of 
this balsam have novalue. He gives the following methods as of service: 

Direct Acid Number.—1 grm. of the sample is dissolved in 200 c.c. 
of alcohol (96%) and titrated with decinormal alcoholic alkali, using 
phenolphthalein. The c.c. of alkali required multiplied by 5.616 
gives the direct acid number. 

Cold Saponification Number.—The procedure is mainly as given 
under ‘‘Benzoin,” using 1 grm. of the sample in a 500 c.c. glass- 
stoppered flask with 50 c.c. of light petroleum (sp. gr. 0.700) and 
50 c.c. half-normal alcoholic alkali. After standing 24 hours at room 
temperature, 300 c.c. of water is added, well shaken, until the sepa- 
rated dark alkali salt has been dissolved, and the solution titrated, 
with continuous agitation, with half-normal sulphuric acid in the 
presence of phenolphthalein. The c.c. of alkali neutralised by the 
sample, multiplied by 28.08, gives the cold saponification number. 

The ester number is obtained by subtracting the direct acid number 
from the cold saponification number. 

Ether Insoluble Matter.—This is obtained by Dieterich by add- 
ing warm ether in small portions to a weighed portion of the sample 
until a portion of the solvent no longer leaves any residue on evapo- 
ration. The undissolved portion is then weighed. It will probably 
be better to extract in a Soxhlet tube. 

Aromatic and Volatile Ingredients.—The ethereal extract is 
shaken with 20 c.c. of a 2% sodium hydroxide solution, separated and 
evaporated at room temperature until no odour of ether is perceptible. 
The residue is placed for 12 hours in the desiccator, weighed, placed for 
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a second 12 hours in the same and weighed again. The mean between 
these 2 weights is taken as the datum for fixed matter from which 
the volatile matter can be calculated. 

Esters of Resin-acids.—The alkaline solution separated from 
ether by the action of the alkali, as noted in the last paragraph, is 
rendered acid by dilute hydrochloric acid, filtered through a tared 
filter and washed by the aid of a filter pump with as little water as 
possible until the washings are free from chlorides. The residue 
dried at 80° to constant weight is taken. 

With these processes, Dieterich obtained from commercial samples 
the following range of data: 


DOP Qbncaw te ties Aare see ntaeaae come Seen oe TeIZ5 Lars 
Directyacidimumibert waaay ase ass 2 wae 60.0 80.0 
Cold saponification number................ 240.0 270.0 
ster numberwe cl). ae ova eves eeene ae 180.0 200.0 
IRESIMMESCEDS cyst sehed Ne vecsuMe hsp ene epee eta ota 20.0% 28.0% 
Aromatic and volatile ingredients........... 65.0% 77.0% 
Ethernsolublet.r4-leve see caetae cars ee WAS Gn 4s 7G 


From authentic pure specimens from Honduras the following 
figures were obtained: 


I II Ill 
Wirectracic mum berm. ei oie 77.4 76.9 Vhs 
Cold saponification number........ BAT OMNNZ 4.3) E2E5CO 
E.Stersniii Deratr cuit baie -a-torie as TOS ;OMEL3 71 aa EO 
Resinestersinice ss dastin tee eine i ie TSW Ay Fy ae 
Aromatic and volatie ingredients... 71.4% 77.5% 73.6% 
Mtherinsolubley. tec ae. eae AAT ARS Tone 32570 


The United States Pharmacopceia requires that Peru balsam shall 
have a sp. gr. between 1.140 and 1.15u at 25°, that when mixed with 
sodium hydroxide solution, one extraction with ether shall remove 56% 
of cinnamein, and that the latter shall require not less*than 23.49% 
of potassium hydroxide for its saponification. According to the same 
authority, Peru balsam must contain not more than 14.69% of acid 
resins, calculated as cinnamic acid. The German Pharmacopeceia 
regulation is satisfied if the 56% of cinnamein is obtained by three 
successive extractions with ether, but it must require at least 
23.66% of potassium hydroxide for hydrolysis, and the balsam must 
have a cold saponification value not less than 224.6. 

Adulterations of Peruvian Balsam.—Peruvian balsam is liable to 
adulteration with the cheaper cinnamic balsams (Tolu and storax); 
copaiba and gurjun balsams; colophony; an alcoholic solution or ex- 
tract of gum benzoin; alcohol; and even with fixed oils, especially 
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castor oil. Hence the examination of Peru balsam for the detection 
of these adulterants is of some importance. Many of the usual 
adulterants of balsam have a lower sp. gr. than the genuine substance, 
which varies in density between very narrow limits, 1.150 being the 
maximum and 1.137 the extreme minimum. Any sample having a 
lower density than 1. 138 should be regarded with suspicion. 

The presence of alcohol is indicated by the loss of volume undergone 
by the balsam on agitating with water. Small quantities may be 
detected by distilling the sample with water and sodium carbonate 
and examining the distillate by the iodoform and chromic acid tests. 

According to Rosenthaler (Zeit. anal. Chem., 1905, 44, 292), pure 
Peru balsam, when treated with a solution of vanillin in hydrochloric 
acid, gives no colouration, but if it is adulterated with 5% or more 
gurjun balsam, a purple-red and then a violet colour is produced, 
whilst in the presence of 10% of copaiba balsam the colour is faint 
violet. 

K. Dieterich (Ber. pharm. Ges., 1908, 18, 135) states that adultera- 
tion with 30% of Tolu balsam can be detected by the following test: 
A small quantity of the balsam is dissolved in ether, and to the solution 
a little concentrated sulphuric acid is added to form a lower layer. 
Hydrochloric acid is then cautiously added so that 3 strata are formed. 
With genuine Peru balsam the upper and lower strata are red and the 
intermediate hydrochloric acid is colourless. Tolu balsam imparts a 
very characteristic green colour to the upper ethereal layer. 

The artificial Peruvian balsam known as ‘“‘Perugen,’”’? when shaken 
with 5 volumes of light petroleum and the extract evaporated, gives a 
residue, which when treated with a little nitric acid (sp. gr. 1. 38) acquires 
an olive-green colour. The residue from the natural balsam becomes 
golden-yellow when similarly treated.. (Cesar and Loretz, Pharm. 
J., 1905, liv], 21, 579.) 

According to the United, States Pharmacopeeia, the light petroleum 
extract of Peru balsam, when shaken with an equal volume of copper 
acetate solution (1:1,000), should not become green or bluish-green 
(absence of resin, turpentine, storax, fatty oils, etc). 

The British Pharmacopceia requires that the balsam shall contain 
40% of resin insoluble in carbon disulphide and that the solution in 
the latter solvent shall have only a slight fluorescence (absence of 
gurjun balsam). When mixed with half its volume of lime and 


1 Perrot and Goris, however, state that the pure Peru balsam gives this reaction. 
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heated on a water-bath for 30 minutes, it should not form a solid mass 
(absence of resin, storax, or copaiba balsam). 

From his analyses of genuine and adulterated balsams, Dieterich 
concludes that adulterations usually raise the direct acid number and 
lower the cold saponification number. 

A low ester-number indicates adulteration; if below 100 it suggests 
colophony, Tolu balsam, or benzoin. 

The matter insoluble in ether has a sorting value, but is of no use 
in detecting common adulterations. 

In commercial samples the proportion of cinnamein ranged from 
65 to 75%, and of resin esters 20 to 28%; that is, a ratio of 1 of the 
latter to 3 of the former. Ratios, therefore, of 1 to 2 or 1 to 5 indi- 
cate much adulteration. 

In valuing a sample, a high content of cinnamein is preferable to 
high content of resin esters. 


TOLU BALSAM. 


This is from a leguminous plant, Myroxylon Toluifera, growing in 
the northern portion of South America. In fresh condition the balsam 
is brownish-yellow, transparent in thin layers, and non-crystalline, 
’ but in time becomes hard, crystalline, and darker. The odour is aro- 
matic and pungent. The m. p. ranges from 60° to 65°. Itdissolves 
in alcohol, chloroform, and in watery solutions of alkalis. The alco- 
holic solution is acid to litmus. 

The constituents of Tolu balsam are not fully known, but it appears 
to consist principally of the following ingredients: 

(1) An oily portion, benzyl benzoate with a little benzyl cinnamate; 
(2) cinnamic and benzoic acids; (3) vanillin; (4) toluresinotannol 
benzoate and cinnamate. Of these (4) is the most abundant; (r1) 
forms about 7%; (2) from 12 to15%; (3) only traces. About 3% of 
impurities of various kinds are present. 

By steam distillation on a large scale, a small amount of a volatile. 
oil of pleasant odour can be obtained. This has a sp. gr. ranging from 
0.945 to 1.090, slight optical activity, sometimes positive, sometimes 
negative, and contains phellandrene. 

Analysis.—The assay of Tolu balsam usually includes the determi- 
nation of the direct acid number, the cold saponification number, the 
ester number, the matter soluble in ether, the volatile matter, and the 
esters of resin acids, according to Dieterich’s directions for Peru balsam. 
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The United States Pharmacopceia requires an acid number 111.4 to 
167.2, whilst the German Pharmacopeeia sets the limits at 112.3 to 
168.4. 

The following method of analysis is recommended by Delphin 
(Svensk. Pharm. Tidskr., 1907, 3) 415): 2 grm. of the sample are 
dissolved as completely as possible in 5 c.c. of ether contained in a 
separating funnel. To the solution 20 c.c. of ether and N-potassium 
hydroxide solution are added and the mixture carefully shaken. After 
separation the aqueous layer is run into a 75 c.c. flask, the ethereal 
liquid washed with 2 c.c. of water, and the washings added to the 
aqueous portion. The ethereal extract is transferred to a tared Erlen- 
meyer flask and evaporated on a water-bath. After heating the resi- 
due on the water-bath for 30 minutes it is exposed over sulphuric acid 
for 12 to18 hours and weighed, this giving the cinnamein. The alka- 
line aqueous liquid is treated with sodium hydrogen carbonate (2 grm.) 
until an abundant yellowish-white precipitate is formed, and then 
the liquid is submitted to a stream of carbon dioxide for an hour. 
The solution is filtered, and the precipitate washed with warm water 
until the wash-water is no longer alkaline. For the estimation of the 
resin esters the precipitate is dried to constant weight. The filtrate 
from the resin esters is treated with 6-7 c.c. of 25% hydrochloric 
acid. After effervescence has ceased the resin acid is collected on a 
tared filter, washed with boiling water until the filtrate is free from 
acid, dried and weighed. The cooled filtrate, in which the cinnamic 
acid will have crystallised, is extracted first with 40 c.c., then with 
20 c.c. of ether. The combined ethereal extracts are titrated with 
N/to potassium hydroxide solution (1 c.c. corresponds to 0.0148 grm. 
of cinnamic acid) in the presence of phenolphthalein. 

A good balsam should contain not less than 8% of cinnamein and 
25% of cinnamic acid, nor more than 1% of resin acid. 

Adulteration of Tolu Balsam.—The common adulterant is colo- 
phony, but when the balsam is high in price other substances (e. g., 
copaiba) may be used. 

For the detection of colophony qualitatively the Storch-Morawsky 
test (see under ‘‘Colophony”’’) may be used. 

The following test for colophony is described by Hirschsohn (Pharm. 
Zeit. f. Russ., 1895, 34, 497): The balsam is extracted with 4 to 5 vol- 
umes of light petroleum and the extract shaken with an equal volume 
of copper acetate solution. The production of a green colouration in 
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the petroleum layer indicates the presence of colophony. Perrot and 
Goris recommend a similar test (Bull. Sci. Pharm., 1908, 636). 

The solubility in carbon disulphide has been proposed as a test and 
in the British Pharmacopceia of 1898 is given as follows: 

5 grm. of the sample are extracted with 25 c.c. and then ro c.c. of 
warm carbon disulphide. Upon evaporating the mixed solutions, the 
residue should require not less than one-third of its weight of 
potassium hydroxide for saponification, thus indicating a sufficient 
amount of cinnamic and benzoic acids in the sample. 

Some good authorities are, however, not inclined to rely on this test, 
and much further study of this balsam is needed. K. Dieterich says 
that little if any pure Tolu balsam is on the market. He gives the 
following data obtained by E. Dieterich, with which his own figures 
correspond, but the latter are not specially quoted: 


Wirectracidumium bervece tae. sree ciere ies sisssrarcs 114.8-158.6 
SaAponilicationonum perce ee eye weta ne Necks I55.3-187 .4 
JOSS yal Olen ei eoho ees oo Ox op EOtLh acre RAMBO 31.2-40.5 
Solubility: 

IAICONOIE(QOUs nse ctsae note tne cee me ca tees wholly soluble. 
Beh ylacetate seamroaee aon ie nee tala tals asuneteyetens wholly soluble. 
Chloroform cr net ace: erik Sehr era almost wholly soluble. 
TOYA Bere hiotoiGeol eee ket saccattee es pacts Chee ay Renna cea mea 53-2-87.9% 
Benzene a, woe es ccrys nina ae eee shes 82.2-nearly 100% 
PELrOle UNIS Pinlt a. foen totes eet aes cs as eens sta acs 2.2-10.2% 
Oillomturpentinestsn. wiser er tse ees Seer 27.8-54.5% 
Carbonvdisul phiderey. crac sasisiectets ts staat le ere 19.6-88 .1% 


Syrup of Tolu Balsam.—Commercial syrup of Tolu balsam is 
prepared either (1) by the British Pharmacopceia official method; 
(2) by precipitating an alcoholic tincture, or (3) by admixture with 
a distillate of the balsam. 

According to Astruc and Cambe (J. Pharm. Chim., 1903, [Vi], 1'7, 367). 
only the syrup prepared by the official direct maceration method 
liberates iodine from potassium iodide solution. Both the official 
syrup and that prepared from the tincture give a marked yellowish- 
green colour in the presence of excess of alkali. But the preparation 
from the distillate of Tolu balsam gives neither of these reactions. 


LIQUID STORAX. 


This is the product of Liquidambar orientalis of Asia Minor, and of 
Liquidambar Styraciflua of America. It is a brownish-yellow or 
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greyish viscous liquid, the better qualities of which possess a sweet, 
vanilla-like odour. Inferior specimens contain impurities which 
render the odour oppressive and disagreeable. 

The taste is pungent and balsamic. Under the microscope globules 
of water and crystals of cinnamic acid and styracin are visible. 

Oriental storax (from Liquidambar orientalis) contains styrene, 
C.6H,.CH:CH,, cinnamic acid, styracin (cinnamyl cinnamate), 
C,H,C,,H,O.), phenyl-propyl cinnamate, ethyl cinnamate, vanillin, 
ethyl-vanillin; a- and f-storesin, C;,H,,(OH),, an amorphous resin, 
traces of benzoic acid and storesinol cinnamate. According to 
Tschirch, benzoic and cinnamic acids are never found in the same 
specimen of oriental storax. 

Storesinol has the formula C,6H,,O(OH), and its cinnamic ester 
is present to the extent of about 35% in the balsam. 

American storax is known also as sweet gum, and, according to 
Harrison and Maisch (Arch. Pharm., 1875, 206, 545), it is identical with 
oriental storax; but this is improbable. It contains styracin, phenyl- 
propyl cinnamate and storesin; but not ethyl or benzyl cinnamate. 
Styrene and traces of vanillin are probably present. 

Qualitative Tests.—When treated with strong alcohol, ether, or 
chloroform, liquid storax dissolves, but generally leaves some mechani- 
cal impurities. With an equal weight of warm alcohol it yields a 
turbid solution of acid reaction. The filtered liquid, when evaporated, 
yields not less than 70% of the original balsam, as a brown semisolid 
mass which constitutes ‘prepared storax.” This is entirely soluble 
in ether and carbon disulphide and almost completely soluble in 
benzene, but is only partially soluble in cold petroleum spirit, more 
freely in hot petroleum spirit, and the solution deposits crystals of cin- 
namic acid and styracin on cooling. 

The residual pressings of the bark after obtaining the liquid storax 
are used under the name “‘ styrax calamitus.”’ Mixtures of storax with 
an inert solid are also known by the name, and formerly the resin of 
Styrax officinalis was also known in commerce under this description. 

Analysis.—K. Dieterich recommends the following process for the 
assay of liquid storax (Pharm. Centr. Halle, 1899, 40, 423). Water is 
estimated by drying 2 grm. at 100° to constant weight. The residue 
is ignited and the ash weighed. To determine the part soluble in 
alcohol, 10 grm. are weighed into a 200 c.c. beaker and dissolved in 
100 c.c. of 96% alcohol by gentle warming. The liquid is filtered 
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through a tared filter and the residue washed with 50 c.c. of hot alcohol. 
The filtrate and washings are collected in a tared porcelain basin and 
evaporated to dryness. In order to prevent creeping, it is best to 
float the basin on water contained in another basin which is heated on a 
water-bath. It is advisable to weigh with the basin a small glass rod 
with which the residue is stirred in order to facilitate drying. The 
latter is carried out at 100° until the weight is constant. The residue 
on the filter, dried at 100°, gives the part insoluble in alcohol. 

The direct acid number is determined by dissolving 1 grm. of the 
storax in 100 c.c. of 96% alcohol and titrating the solution with N/2 
alcoholic potassium hydroxide, using phenolphthalein as indicator. 
The number of c.c. required, multiplied by 28.08, gives the direct acid 
number. 

The procedure for the determination of the saponification number 
is the same as that given under Benzoin. 

Storax should contain not more than 30% of water nor more than 
1% of ash. The United States Pharmacopceia requires at least 60% 
to be soluble in alcohol and the residue to be soluble in ether and car- 
bon disulphide. Not more than 3% should be insoluble in alcohol 
(the German Pharmacopceia fixes the standard at 2.5%), the acid num- 
ber should lie between 55 and 75, and the cold saponification num- 
ber between roo and 140. 

The commoner adulterants of storax are turpentine rosin, castor oil, 
olive oil, and similar fatty oils. Ladanum resin has been found by K. 
Dieterich. 

Samples of crude storax have been examined chiefly by continental 
chemists, and the following sa compiled from their results, rep- 
resent a wide scope: 


Acid Ester Saponification 
number number number 
Beckurts and Briichet......... 68-93 Se 180-222 
INSP TEME Beacons devege es s0's's 47.6 31.9 99.5 
Be Dieterichaewes ee ccc ss cos Bym2-O0n i, 74.6-168 134 .6-249 
TD) tetericls tie ences edie lo... Matar (Oley be ane ae Bare licens a Sno aes Gon oi 
EAVES ppetweieec i getae use seen seat cha) 65 ass 522-507 AUG /} ay atiPoys| 230.2-230.4 


16 samples of authentic origin. 
2 A sample adulterated with turpentine. 
3 2 pure samples. 
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K. Dieterich has further examined a number of commercial and ab- 
solutely authentic samples, and gives the following comparative results: 


| Authentic Commercial 
VV cite Imran eee Pet cnusdsede ntyistane Sots 26.21— 40.97% 19.58- 31.95% 
DENS. sc o0 DOORS RAIS ear eee | 0.5 — 0.92% ©.24- 3.64% 
Soluble in alcohol (after deducting 57-14- 65.49% 64.90- 77.17% 
water) 
MEAG MIO DER heres 84 es) ve oc 59.38- 70.70 38.22- 72.29 
IN stermUnmbereemusmids ss sete. = tae 35.42— 74.43 47 .8I-110.03 
Saponification number............ 104 .67-135.36 111 .89-187 .76 


E. Dieterich gives the following table of solubilities: 


7 
FOGG UCC elle is ARIE OO renee Aer oc a5 ee. 56.14-84 .00 
(Nceticlet here nage oe ek oes s cskoe teed ve term kee aetoet ae 69 .40-73 .60 
Cinlkoreouloypiul. 5 arse) ho Oh ceo in Da ew on OU OOM Can J CRED OT 69 .20-72.60 
TRUS PS 61.5 odie O BOOMS e REnDOT on Uae ooo CooL a ada ee 65 .80-82 .80 
TRYSRRVASS INS, echey sone ie tore a PRC Gut sic tnt HO 64 .80-74.80 
SIMA OCMCMG. seen ete Sle ls shina ssid wesw ls meee he ee Renee 54-40-57 .80 
(Carboumdiswl phide sata. c Sn ryecye Soin Ser eee ee ore eke 62.30-67.80 
Hb ee eLLOLSUNAs Serer ates sier-iss coetoe Sabot re meine SRO I5 .00-19.40 


The sp. gr. should lie between 1.113 and 1.121, according to Beckurts 
and Briiche, who also give the amount dissolved in an equal volume of 
pure alcohol as 61 to 71%. 

The following interesting table is given by K. Dieterich. Un- 
fortunately, the figures for the pure storax are not given: 


ss eacermme Romer tee 
Ww Ash goy a s Acid E s 
3 ater, sh, cohol (after ci ster aponifica- 
Pure storax with % % deducting No. No. tion No. 
water). 
Zo os illo ° 
20% olive oil.... 33.93 0.62 63.87 53.65 72.98 126.63 
30% olive Ol. 28.22 0.47 70.59 53.08 78.34 I31.42 
20% castor Olly. 33.90 0.51 64.72 hee we 66.84 124.05 
30% castor Oils 29.30 0.33 69.65 CL gx 79.88 131.19 
20% turpentine. . 39.56 o.61 59.30 78.40 29 «53 107.93 
30% turpentine. . 34.62 0.53 63.36 84.40 23.01 107.05 
Solublean light petroleum..4..5-4..525..... 37-54-58 .96% 
Holuble im alcohol G09. a, scwenee eee ee practically entirely 
Solublesncethertkam.: tani opr mem eer reer 93 .14-100% 
SOlibleiiny Chloroform yams ties cs nse almost entirely 
Soluble acetic: Ethene s avis. ers leet. entirely 
Soluble ini benzenesgaaee seen: secs ones 95-75-100% 
SOLU DIEtID GUL Denti 6 aeann ese eee ere eee 81.8 -99.55% 


Soluble in carbon disulphide................ 86.8 —93 .39% 
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The British Pharmacopeeia (1898) only recognises ‘“‘Styrax Pre para- 
tus,” the product of Liquidambar orientalis, purified by solution in 
alcohol, filtration, and evaporation of the solvent. This authority 
requires it to give off no moisture on heating and to evolve an odour 
of essential oil of bitter almonds when boiled with sulphuric acid and 
a solution of potassium dichromate. 

Resinous A dulterants in Storax.—Ahrens and Hett (Zeit. ang. Chem., 
1903, 16, 384; also Pharm. J., 1904, [iv], 19, 547) find that storax 
adulterated with rosin yields to light petroleum from 55.1 to 63.7% of 
extract; this has an acid value between 116.3 and 120.9, and a cold 
saponification value between 171.6 and 177.6. Specimens of pure 
storax of recent and older importation gave a light petroleum extract 
of 37.6 to 47.6% with an acid value ranging from 36.6 to 62.9 and a 
saponification value (cold) of 194.6 to 198.4. Adulteration with rosin 
is more readily detected by this method of separating and treating the 
light petroleum spirit extract than by determining the saponification 
constants of the original drug, as recommended by Dieterich. 
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Salicylic acid is the type of a group of compounds containing the 
radical hydroxyphenyl, C>5H,(OH), and has itself the constitution of a 
hydroxyphenyl-carboxylic acid, CsH,(OH).COOH. Thus it may be 
regarded as a hydroxy-benzoic acid, and as the hydroxyl and car- 
boxyl groups occupy adjacent positions in the benzene-nucleus, salicylic 
acid is the ortho- form of the acid, all 3 modifications of which are 
known. The fact that 2 of the hydrogen atoms of the benzene-nucleus 
are replaced, renders all the compounds of the group capable of existing 
in ortho-, meta-, and para-modifications. In the case of the homo- 
logues of the hydroxybenzoic acids, where a third substitution of hydro- 
gen by methyl or other alkyl-radical occurs, the number of possible 
isomerides is still further increased. 


Isomeric Hydroxybenzoic Acids. 


Salicylic acid and methyl salicylate occurin many plants. p-Hydroxy- 
benzoic acid has been found in the pods of Bignonia catal pa. 
The following table exhibits the leading differences between the 3 
isomeric hydroxybenzoic acids: 
Vor. III.—30 
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Ortho-acid - ae 
(salicylic acid) Meta-acid Para-acid 
Vorrentlaern. chee trey we eicsote Wielsid ays © OH(} OH(}) OH(}) 
elseor CH < BGGH(2) | CH < CGSH@ | CHA < COSHH 
Sp. gr. at 4° (Schréder)......... 1.4835 1.473 I -468 i 
INURE Sore tereietets aver chavay s anate atshis dase 6 156.7° 200°2 213°-214 
Solubility: : f; 
RWI TEL At Oc veje oseveraciecscpa ss ore z in 1,100.1 rin 265. tin 580. 
In) water at 15° to 18°... e6 es I in 1,000. 1 in 108. rin 126 
Tea e@hlororO rit ajsle see os 'wie sre. a-o~ Readily soluble.| Almost insoluble. i peney, 
soluble. 


Reac ion with ferric chloride....| Deep violet No change. Yellow flocc. ppt. 
colour. sol. in excess. 
Reaction when heated in a current : 
of dry, ammonia gas........ Yields phenol, | Yields hydroxy-| Yields phenol, 
COs, etc. benzonitrile, COs2, etc. 
CeH4(OH)CN, 
melting at 
82°. 
Products with bromine water in 
EXCESS eee Aas ei eece ences ees CeH2eBr3.OBr+-| CeHBr3s(OBr). CsH2Br3.OBr+ 
CO2. COOH. COz. 
Antiseptic properties........... Strong. None. Doubtful. 
SALICYLIC ACID. O-HYDROXYBENZOIC ACID. 
OH 
CHO orsC 
7 SONS) » V6ttly 
\CO,H 


Salicylic acid is the only modification of the 3 isomeric hydroxy- 
benzoic acids of any importance. 
Salicylic acid and methyl salicylate occur in a number of plants and 


small quantities have been found in certain fruits, thus it has been de- 
tected by Jablin-Gonnet (Ann. Chim. anal., 1903, 8, 371) in wild 
cherries, by Suss (Verh. Vers. deutsch Naturf. Aertze, 1902, ii, 102), and 
Portes and Desmouliéres (J. Pharm. Chim., 1901, [vi], 14, 342) in straw- 
berries, and by Utz (Oesterr. Chem., Zeit., 1903, 6, 385), and Windisch 
(Zeit. Nahr. Genussm., 1903, 6, 447) in both strawberries and rasp- 
berries. 

Salicylic acid was originally prepared from salicin (Piria, Annalen, 
1839, 30, 165). The so-called “natural” acid, prepared from oil 
of wintergreen (Gaultheria procumbens) or oil of sweet birch (Betula 
lenta), was first obtained by Cahours (Annalen, 1843, 48, 60). Al- 
though far more expensive than the artificial product, the natural acid 
has the advantage of being free from p-hydroxybenzoic acid, which 
is by no means harmless in its physiological effects. 


1 According to Bourgoin (J. Pharm. Chim., 1879, [iv], 30, 488), the solubility of salicylic 
acid at o° is 1 part in 666, instead of the number given in the text, which is due to Ost (@ir 
pr. Chem., 1878, [ii], 17, 228). 

2? Kellas (Zettsch. physikal. Chem., 1897, 24, 223) gives 188°. 
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Practically the whole of the acid of commerce is now prepared by 
the method of Kolbe and Lautemann (Annalen, 1860, 115, 157), which 
is based on the action of carbon dioxide on sodium phenoxide. 

When potassium phenoxide is heated in a stream of carbon dioxide, 
it is acted on in a manner similar to sodium phenoxide in Kolbe’s 
process, yielding pure di-potassium salicylate up to 150°; but above 
that temperature the isomeric p-hydroxybenzoate is also produced, and 
at 220° is the sole product.t Thesame substance is formed if the alkali 
employed in Kolbe’s process contains potassium hydroxide, and, 
according to B. Fischer, it is also produced if the temperature be too 
low when the gasis passed. Too high a temperature is said by Fischer 
to cause hydroxy-isophthalic acid to be formed at that stage, owing to 
the action of the gas on the sodium salicylate already formed. In a 
well-conducted operation, p-hydroxybenzoic and hydroxy-isophthalic 
acids are not usually formed in quantities exceeding 0.4%, and the 
former may be easily removed by washing, as it is readily soluble in 

ywater. Hydroxy-isophthalic acid is less soluble, and may be present 
to the extent of 1% in some cases.? 

If traces of iron compounds are present in the materials used in 
Kolbe’s process, brown or yellow oxidation products are formed which 
are insoluble in water, and give a yellow colour to the salicylic acid 
obtained. 

Salicylic acid crystallises from alcohol in large monoclinic prisms. 
As met with in commerce, the acid usually occurs as a granular powder, 
consisting of minute, broken, acicular crystals. It has a sweetish, 
acidulous, acrid taste. The sp. gr. is 1.483 at 4°. 

The m. p. of salicylic acid has been stated by various observers 
at points ranging from 155° to 159°, but Fischer finds the m. p. of the 
pure acid to be 156.75° (corrected), and this result has been confirmed 
by Dunstan and Bloch (Pharm. J. Trans., 1890, [iii], 21, 429). Even a 


1Mono-potassium salicylate is converted into the basic p-hydroxybenzoate and phenol 
when heated to 220°, whereas the corresponding sodium salt yields the o-hydroxybenzoate 
or salicylate, together with phenol. 

2? HYDROXY-isOPHTHALIC ACID, CsH3(COOH)!1(COOH)3(OH)4, is now rarely met with in 
commercial salicylic acid. It may be detected by distilling the suspected sample in a current 
of steam, when it remains in the still in the form of a light grey powder or smalllumps. By 
dissolving it in hydrochloric acid and filtering the solution through charcoal, the acid may 
be obtained in slender white needles melting with decomposition at 305° to 306°. 

HybDROXY-NAPHTHOIC ACID, C19 H6(OH) , COOH, is a substance which bears the same relation 
to naphthalene that salicylic acid bears to benzene. It is produced by theaction of carbon 
dioxide on perfectly dry sodium a@-napthol at 130°. It forms colourless acicular crystals 
melting at 185° and requiring 30,000 parts of cold water for solution. Its salts give a blue 
colouration with ferric chloride. The corresponding acid from §-naphthol melts at 235° 
and gives a violet-black colour with ferric chloride. Both varieties of hydroxynaphthoic 
acid are said to be powerful antiseptics, retarding the putrefaction of blood and urine much 
more perfectly than salicylic acid (Pharm. J., 1887, [iii], 18, 537, 823). 
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small proportion of the cresotic acids tends to lower the m. p. of the 
sample. 

When gradually heated to about 200°, salicylic acid sublimes in 
slender shining needles, but when heated rapidly in admixture with 
powdered glass or sand, it is resolved into phenol and carbon dioxide. 
Salicylic acid distils readily in a current of steam at 60 to 80 pounds 
pressure, and even vaporises on boiling its aqueous solution. 

Salicylic acid is very sparingly soluble in cold water, and only mod- 
erately soluble in boiling water. The determinations of its solubility 
by different observers vary greatly. According to the British Pharma- 
copceia (1898), the acid is soluble in about 550 parts of cold or 9 of 
boiling water, in 3.5 of alcohol of 90% strength, in 2 parts of ether, 
in 55 of chloroform, and in 195 parts of glycerin. It is also readily 
soluble in carbon disulphide, and is dissolved by 80 parts of benzene. 
Salicylic acid may be conveniently crystallised from hot light petroleum. 
Agitation with ether, chloroform, or carbon disulphide readily re- 
moves salicylic acid from its aqueous solutions. H. Taffe recom- 
mends a mixture of ether and light petroleum for this purpose. 

The solubility of salicylic acid in cold water is greatly increased by 
the presence of various salts.* 

When ingested, salicylic acid is eliminated by the kidneys, partly 
in an unchanged state and partly in the form of the so-called sali- 
cyluric acid, a body which really has the constitution of salicyl-gly- 
cocoll [C6H,(OH)CO].NH.CH,.COOH. This compound crystal- 
lises in fine needles, m. p., 160°, which are slightly soluble in water, but 
readily in alcohol. It gives a violet colouration with ferric chloride. 
The barium salt forms prisms very slightly soluble in water. When 
heated with concentrated hydrochloric acid, salicyluric acid is hydro- 
lysed to salicylic acid and glycocoll (amino-acetic acid). 

Salicylic acid and its salts and esters are used extensively in medicine, 
especially as intestinal antiseptics and in the treatment of gout and 
rheumatism of the joints. 

Salicylic acid and its derivatives are now extensively employed as 
domestic remedies without seeking medical advice, but the practice 


1 Mixed with 1 part potassium nitrate, it dissolves in 50 parts of cold water. 

Mixed with 1.5 parts ammonium citrate, it dissolves in 60 parts of cold water. 

Mixed with 2 parts sodium sulphite, it dissolves in 50 parts of cold water. 

Mixed with 2 parts sodium phosphate, it dissolves in 50 parts of cold water. 

Mixed with 2.5 parts sodium phosphate, it dissolves in 12.5 parts of cold water. 

Salicylic acid is very soluble in solutions of borax, a compound of the formula Na(BO)- 
2C7H5Os being said to be formed. The liquid, which is stated to be more powerfully anti- 
septic than either of its components, soon undergoes decomposition, 
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is not free from danger. Salicylic acid, even when pure, has distinct 
toxic properties, and its salts cause albuminuria. The free acid, 
dissolved in flexible collodion or in the form of ointment, is strongly 
caustic and is employed as a corn solvent. 

Salicylic acid now finds an extensive application as a preservative 
of various articles of food, though its use for such purposes is strictly 
prohibited in France, the United States, and some other countries.' 
Wine, beer, milk, lime- and lemon-juice, temperance beverages, and 
many other articles are treated with salicylic acid in quantities which 
are often largely in excess of those necessary to preserve them. Such 
a practice is strongly to be deprecated, as the habitual and uncon- 
scious ingestion of an antiseptic necessarily tends to impair the digest- 
ive processes. 

The employment of salicylic acid for preserving milk is now far 
less common than the use of formalin or boric acid for that purpose. 
Wines and temperance beverages frequently contain considerable 
quantities of salicylic acid,? and it is also extensively used in jam- 
making, from 4 to 8 grains of the acid to the pound being sufficient 
to prevent fermentation indefinitely. Uncooked fruits, such as cher- 
ries, plums, etc., may be preserved by pressing them, treating every 
pound of the juice with 15 grains of salicylic acid, heating the juice, 
and after cooling adding it to the pressed fruit. 

For a very detailed study of the influence of salicylic acid on digestion 
and health, see Bull, 84, Part II (1906), of the U. S. Dept. of Agri- 
culture, Bu. of Chem. 2u 

The addition of 1 grm. of salicylic acid to the litre preserves a 10% 
solution of tartaric acid perfectly; but a solution of citric acid of the 
same strength requires twice that amount. Salicylic acid is stated not 
to have a preserving action on a solution of sodium succinate. 

When an aqueous solution of salicylic acid is kept for some time, 


1 A Departmental Committee on Food Preservatives appointed in 1899 recommended that 
salicylic acid should not be used in greater proportion than one grain per pint in liquid food 
and one grain per pound in solid food, and that its presence should in all cases be declared; 
also that salicylic acid, in common with all other preservatives, should be prohibited in 
milk and in all dietetic preparations intended for invalids and infants (Analyst, 1901, 
26, 332). These recommendations resulted in 1906 in the issue of a circular by the Local 
Government Board (England) urging the desirability of prosecutions being instituted 
against vendors of “ preserved” milk, and stating that milk may be presumed to have been 
rendered injurious to health if found to contain more than 1 part of formaldehyde, or 57 
parts of boric acid, per 100,000 parts. é 

2 According to medical witnesses called to defend the use of salicylic acid for this purpose, 
its addition is absolutely necessary to preserve the wine, and cannot possibly be injurious to 
health. This evidence was given at the hearing of a summons at Liverpool (October, 1900) 
for selling ginger wine containing 13 grains of salicylic acid to the pint. The analyst stated 
that of 33 samples of ginger wine examined by him, none of the others contained more than 
4 grains per pint. A member of the defendant’s firm deposed that they had tried smaller - 
quantities of salicylic acid as a preservative, but found that the wine went bad. 
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a fungoid growth forms, and this gradually decomposes all the salicylic 
acid (F.E. Lott, J. Soc. Chem. Ind., 1903, 22,198). The rateof decom- 
position was found to be increased by the addition of small amounts of 
ferric chloride, thus confirming the statement that the growth of many 
moulds is stimulated by dilute iron solutions. 


COMMERCIAL SALICYLIC ACID. 


As now met with in commerce, salicylic acid, though varying much 
in quality, is free from those gross sophistications which are alleged to 
have occurred in the past." 

3 distinct grades of salicylic acid are now recognised in commerce, 
namely: ordinary acid, which is the cheapest; natural acid, which is 
the most expensive; and the so-called “‘physiologically-pure acid,” 
which is intermediate in price. This last variety is a highly purified . 
synthetical acid, free from any admixture of p-cresotic acid. Much of 
the ordinary salicylic acid of commerce is now of very considerable 
purity, and is very generally employed in medicine. 

The facile formation of definite crystals is a useful indication of the 
purity of salicylic acid, the presence of foreign matters in its solutions 
greatly interfering with its crystallisation. Thus the presence of 5% 
of p-cresotic acid prevents the formation of large crystals, but 2% pro- 
duces no material effect. 

When agitated with cold concentrated sulphuric acid, salicylic 
acid should yield a perfectly colourless solution. 

H. Kolbe (J. pr. Chem., 1876, [ii], 14, 143) gives the following method 
of testing the purity of salicylic acid: 0.5 grm. of the sample is 
dissolved in 5 or 6 c.c. of strong alcohol, the clear solution poured on 
to a watch-glass, and allowed it to evaporate spontaneously. The 
residual salicylic acid forms a ring of beautifully aggregated 
efflorescent crystals round the edge of the watch-glass. This mass is 
pure white if the acid tested be pure and recrystallised, but yellowish 
or yellow if the simply precipitated acid be used. If the colour be 
brownish or brown, the sample is unfit for internal use. 

According to the British Pharmacopceia (1898), if salicylic acid be 
shaken up with a small proportion of water, the mixture filtered, and 


1 Besides containing more or less sodium chloride, phenol, cresotic acid, and the isomerides 
of salicylic acid as natural impurities, salicylic acid adulterated with potassium sulphate 
gypsum, starch, sugar, etc., is said to have been met with in America. Mineral adulterants 
oat be left on igniting the sample, and starch and sugar detected by their insolubility in 
ether. 
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the filtrate evaporated, the residue should be white, and have no buff- 
coloured fringe. The absence of this fringe is stated to prove the ab- 
sence of iron, colouring matters, and (erroneously) organic impurities. 

Phenol is liable to be present in salicylic acid which has been sub- 
limed. It may be detected by nearly neutralising the sample with 
sodium carbonate, and agitating the liquid with ether. On gently 
evaporating the ethereal liquid, the phenol may be recognised by its 
odour, taste, and chemical reactions. 

It is stated by Carletti (Boll. Chim. farm., 1907, 46, 421) that as 
little as 0.02% of phenol in salicylic acid can be detected in the follow- 
ing way: 0.25 grm. of the sample is triturated in a mortar with 5 c.c. 
of water and the mixture poured into a test-tube. Two drops of an 
alcoholic solution of furfuraldehyde (2%) are then added, the liquid 
gently shaken, and 2 to 3 c.c. of concentrated sulphuric acid poured 
carefully to the bottom of the tube. In the presence of phenol a yellow 
ring is formed at the junction of the 2 liquids, above which a dark blue 
ring subsequently appears with a rapidity depending on the amount of 
phenol present. 

p-Hydroxybenzoic acid, which is the isomeride most likely to be 
present in commercial salicylic acid, may be separated by drying the 
acid at 60° and agitating with anhydrous chloroform. Salicylic acid 
dissolves readily, but p- and m-hydroxybenzoic acids remain largely 
undissolved. 

From benzoic acid, p-hydroxybenzoic acid may be separated by treat- 
ment with carbon disulphide, in which the latter acid is nearly insoluble. 

Whilst salicylic acid is volatile in a current of steam, the isomeric 
hydroxybenzoic acids are not volatile, and hence remain in the retort 
together with hydroxy-dsophthalic acid, if present. The last-named 
compound is now rarely met with in commercial salicylic acid. The 
cresotic acids behave like salicylic acid. 

Commercial salicylic acid’ formerly contained a considerable pro- 
portion of the allied acids. Thus J. Williams (Pharm. J. Trans., 1877, 
[iii], 8, 785) isolated from 15 to 20% of these acid impurities, but did 
not identify them, and Ewell and Prescott (Pharm. J. Trans., 1889, [iii], 
19, 328) found still larger proportions. In 1890, Dunstan and Bloch 
(Pharm. J., 1890, [iii], 21, 431) further examined the specimens pre- 


1 Salicylic acid guaranteed to have been made from oil of wintergreen has been occasionally 
found to contain appreciable quantities of cresotic acid. This was in some cases due to the 
fact that the oil of wintergreen from which the acid had been made was nothing more than 
an artificial oil made in the first instance from artificial salicylic acid, the original impurities 
of which had been preserved during the various processes. 
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pared by Williams (which had been preserved in the museum of the 
Pharmaceutical Society of Great Britain), and showed that they were 
isomeric modifications of cresotic acid, homologous with salicylic acid 
(see page 509). 

According to M. Charteris (Pharm. J., 1890, [iii],21, 434), it is tothe 
presence of cresotic acid in artificial salicylic acid that the objection- 
able symptoms (e. g., delirium, restlessness, etc.) sometimes caused by 
the latter are attributable, and he states that when the impurity is re- 
moved the purified product has therapeutic characters identical with 
those of the natural acid." 

Formerly, commercial salicylic acid was liable to contain all 3 
modifications of cresotic acid, but now a small proportion of the 
p-cresotic acid only is likely to be present. 

The solubility of salicylic acid in boiling water is materially in- 
creased by the presence of cresotic acid. If, to a solution of the 
sample in boiling water, about 0.2 of its volume of alcohol be added 
and the liquid allowed to cool, pure salicylic acid will form separate, 
distinct, non-coherent crystals; whereas samples containing a notable 
proportion of cresotic acid form a network or woolly mass of small or 
indistinct crystals. 

Pure salicylic acid melts sharply between 156° and 157°, but a very 
small percentage of p-cresotic acid materially reduces the m. p. of the 
sample and causes it to soften at a temperature below that requisite to 
produce actual fusion.? 

To detect cresotic acid in salicylic acid, B. Fischer (Pharm. Zeit. f. 
Russ., 1889, 28, 378) recommends the following test: Calcium car- 
bonate (x to 2 grm.) is boiled with 15 c.c. of water in a 200 c.c. flask, 
and 3 grm. of the sample of salicylic acid added. The flask is shaken 
over a flame till the volume of the contents is reduced to 5 c.c., by 
which time some crystals will have formed. The liquid is cooled, the 
crystals separated, and the mother liquor transferred to a test-tube 
and evaporated to about 1 c.c. On rubbing the tube containing this 
concentrated liquid with a glass rod, crystallisation sets in. 1 c.c. of 
water is then added and the liquid is filtered through a plug of. cotton- 


1In 1890, shortly after the first publication of these researches (Brit. Med. Jour., Nov. 
0, 1889), a prosecution under the Sale of Food and Drugs Acts was instituted in Glasgow 
or selling salicylic acid containing 2.5% of cresotic acid (Pharm. J., 1890, [iii], 21, 394). 

2“ One can now obtain commercially an acid physiologically pure, even the last fraction 
of which has a m. p. of 156.85°; commercial crystals with a m. p. of 156.5° to 156.75°, 
containing about o.05% impurity, the last 10% giving a m. p. 0.5° below the maximum: 
commercial powder with an initial m. p. of 156.4°, rising to 156.75°, containing 0.1% im- 
purity, the last 10% giving a m, p. 1° below the maximum.’’—Squire’s Companion to the 
Pharmacopeia, 1899. 
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wool. ‘The filtrate is made up to 1 c.c. and a few drops of hydrochloric 
acid are added. | If the sample contained as much as 3 to 5% of cresotic 
acid, a mixture of acids separates which fuses in boiling water and 
collects in thick oily drops at the bottom of the tube. This test is said 
to succeed only when the amount of cresotic acid exceeds 1%. 

According to Engelhardt and Jones (Amer. Pharm. Assoc. Drugg. 
Circ., 1908, 52, 464), cresotic acids can be detected by Carletti’s test 
(page 471) 0.20 too.15% of o-cresotic acid gives a brown colour zone, 
whilst with traces of phenol or m- or p-cresotic acid a faint violet colour 
is obtained. 

The estimation of cresotic acid when in admixture with sali- 
cylic acid, if present in sufficiently large proportion, may be effected 
by careful titration of the sample with sodium hydroxide and phenol- 
phthalein, as recommended by Ewell and Prescott (Pharm. Record, 
1888; Analyst, 1888, 13, 208). B. Fischer (loc. cit.) recommends with 
reason the replacement of the soda solution by decinormal baryta, 
which latter solution is necessarily free from carbonate. Fischer 
points out that the cresotic acid may be seriously overestimated, un- 
less other impurites, such as moisture, colouring-matter, and sodium 
chloride, be previously removed. For this purpose he recommends 
that the sample be dissolved in ether, and the solution filtered from 
any insoluble matter. The filtrate is then evaporated at a gentle heat, 
and the residue dried at 60°, and finally over strong sulphuric acid. 
‘When the impurity is simply water it is perhaps preferable to treat the 
sample with light petroleum, agitate the solution with plaster of Paris, 
filter and evaporate to dryness. 

In carrying out the operation, about o. 2 grm. of the purified sample, 
weighed with the greatest possible accuracy and dried as already 
described at or below 60°, is treated with a few drops of an alcoholic 
solution of phenolphthalein, and, without adding water for solution, 
a centinormal solution of baryta added from a burette, with constant 
agitation, until the point of neutrality is approached. The flask 
is then rapidly warmed over a flame whilst the contents are kept in agi- 
tation, avoiding actual boiling until the remainder of the acid is dis- 
solved, when the titration is completed. The baryta is preferably 
standardised against salicylic acid of known purity. 

When pure salicylic-acid is treated in the above manner, I grm. 
requires 724.4 c.c. of centinormal baryta for its neutralisation, whereas 
an equal weight of one of the modifications of cresotic acid will neu- 
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tralise only 657.6 c.c. Hence the difference, 66.8 c.c., represents the 
whole distinction between the 2 acids, so that the presence of each 
1% of cresotic acid will lower the volume of centinormal alkali re- 
quired for 1 grm. by 0.668 c.c. Working on 0.2 grm. of the sample, 
this difference is reduced to 0.134 c.c. Hence extreme care in oper- 
ating is essential. 

Ewell and Prescott (Pharm. Record., 1888; Analyst, 1888, 13, 237) 
have proposed a method of estimating cresotic acids in admixture 
with salicylic acid based on their conversion into the corresponding 
cresols on distillation with lime. They direct that 15 grm. of 
the sample of acid and an equal weight of lime should be thoroughly 
dried and well triturated, together with an equal quantity of dry iron 
filings, and the mixture heated strongly in a glass retort, the distillate 
being collected in a well-cooled receiver. The distillate is treated 
with just sufficient water to liquefy it, and the liquid mixed with 
an equal volume of 9% sodium hydroxide solution. To this solution 
cold water is then added gradually until precipitation commences. 
From the volume of water required to cause precipitation the propor- 
tion of cresotic acid present in the sample is found by the following 
table: 


Volumes of water required to Percaitans Gh cian ke £ iter 
precipitate mixed soda and aie cresol 1n ercentage of cresotic acl 
distillate istillate in sample 

6.7 5 | 4.9 
6.0 Io 9.8 
5-25 15 14.8 
4.5 20 19.8 
4.0 25 Py Ns 
3.6 30 29.7 
3-3 35 34-7 
Bet 40 39-7 
2.8 45 44.7 
2.6 50 49.7 


It is evident that such a method as the foregoing can only be roughly 
approximate, and is useless when the proportion of cresotic acid is very 
small. 

In this case it is better to neutralise a fairly large quantity of the 
sample with calcium carbonate (mixed with boiling water) and to 
filter the liquid. The sparingly soluble calcium salicylate, which is 
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deposited on cooling, is filtered off, dried, and weighed.t The acid 
remaining in solution (of which the weight is determined by difference) 
is precipitated with hydrochloric acid, washed, dried, and a sample 
analysed by one of the above methods. 

Reactions and Detection of Salicylic Acid.—When salicylic 
acid is heated to 195° to 220° it is, according to Graebe and Eichen- 
griin (Annalen, 1892, 269, 323), to a great extent converted into phenyl 
salicylate, and if the product is distilled, a considerable quantity of 
xanthone is formed. On the other hand, if p-hydroxybenzoic acid is 
heated in an open dish to 200°, phenol and carbon dioxide are the 
chief products, and there finally remains only a very small quantity 
of some compound of high m. p. m-Hydroxybenzoic acid undergoes 
very little change even on prolonged heating at 210°. 

Concentrated sulphuric acid dissolves pure salicylic acid without 
colour, forming a sulphonic acid. Impure salicylic acid gives a yellow- 
ish-brown colouration. 

By the action of cold concentrated nitric acid on salicylic acid nitro- 
salicylic acid is formed, but with fuming nitric acid picric acid results. 

Bromine gives a reaction with salicylic acid indistinguishable from 
that produced by phenol, and the same is true of its behaviour with 
Millon’s reagent. 

Silver nitrate and lead acetate give white precipitates with neutral 
salicylates, but not with free salicylic acid. Salicylic acid is not pre- 
cipitated by barium or calcium chlorides, and neutral salicylates only 
in strong solution. Neutral salicylates in not too dilute solution 
(1%) give a yellowish-brown precipitate with a solution of uranium 
acetate. When boiled with excess of baryta water, salicylic acid is 
precipitated as a basic barium salt. 

With a solution of cupric sulphate, salicylates and free salicylic 
acid give an emerald-green colouration, visible in 2,000 parts of water 
and destroyed by ammonia or acids. 

Salicylic acid prevents the precipitation of cupric salts by alkalis, 
but its isomerides have not this property. 

The solution of salicylic acid in 2 molecules of sodium hydroxide 
prevents the precipitation of 1/2CuO by addition of further alkali. 

Fehling’s solution is reduced by salicylic acid, and under favourable 
circumstances may be employed for its estimation. 


1 If excess of milk of lime be substituted for calcium carbonate, a sparingly soluble basic 
calcium cresotate is formed, which cannot be separated from the salicylate. 
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On heating salicylic acid or one of its salts with methyl alcohol and 
sulphuric acid, methyl salicylate is formed, having an agreeable aro- 
matic odour. 

Salicylic acid, by virtue of its phenolic nature, combines with 
formaldehyde. On dissolving the acid in a little formaldehyde solu- 
tion, evaporating the liquid nearly to dryness, and then adding strong 
sulphuric acid a compound is precipitated which is at first practically 
colourless, but becomes red, whilst the solution acquires a magenta 
colour. 

Jorissen has observed that when a solution of salicylic acid or a 
salicylate is treated with sodium nitrite and a little acetic acid, followed 
by a drop or two of copper sulphate solution, and the liquid boiled, a 
blood-red colour is produced, varying in intensity according to the 
amount of salicylic acid present. The test has been confirmed in 
Allen’s laboratory and found very delicate. No similar reaction is 
produced by benzoic, cinnamic, or tartaric acid. 

The most delicate reaction for salicylic acid and soluble salicylates 
is that with ferric salts, which produce a beautiful violet colour even 
in extremely dilute solutions. The reaction is much more delicate 
(1 in 100,000) than that of phenol with ferric salts (1 in 3,000). The 
violet colouration is destroyed by alkalis with precipitation of reddish- 
brown ferric hydroxide. It is also destroyed by mineral acids or others 
capable of liberating salicylic acid.t Certain neutral salts, such as 
phosphates, tartrates, citrates, and oxalates, also interfere more or less 
with the reaction. 

Hence before applying the test it is necessary to isolate the salicylic 
acid from interfering substances such as are usually present in foods 
and beverages. For this purpose the sample is in most cases ex- 
tracted with a solvent immiscible with water, the one generally recom- 
mended being the mixture of equal volumes of ether and light petro- 
leum originally proposed by Taffe. Recently, however, Taffe has ad- 
vocated the use of light petroleum alone (Ann. Chim. anal., 1903, 8, 84; 
Bull. Soc. Chim., 1902, [ili], 2'7, 701). 

A definite volume of a beverage or, in the case of a solid food, the 
aqueous liquid obtained by boiling the sample with sodium hydroxide 


1 Weiske (J. pr. Chem., 1875, [ii], 12, 157) has proposed to employ the above reaction in 
alkalimetry. On neutralising an acid solution to which a trace of salicylic acid and ferric 
chloride have been added, the violet colour becomes gradually more developed until neutral- 
ity is reached, when the liquid turns reddish-yellow. But Pagliani (Gazzetta, 1879 9, 23) 
has shown that the amount of mineral acid required for the destruction of the violet colour 
varies greatly with the nature of the acid and the dilution of the liquid, and hence salicylic 
acid is ill-suited for use as an indicator. This is in accord with Allen’s experience. 
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solution, is acidified with phosphoric acid and then shaken with the 
solvent. The extract is then shaken with dilute ferric chloride solu- 
tion, when the production of a violet colouration in the aqueous layer 
indicates the presence of salicylic acid. The test becomes more 
delicate if the ethereal extract, instead of beng treated directly with the 
reagent, is shaken with dilute ammonia, the ammoniacal solution 
evaporated to dryness, the residue dissolved in the minimum quantity 
of water and the solution tested with ferric chloride. 

For the extraction other solvents have been recommended. Thus 
Vitali (Boll. chim. farm., 1906, 45, 701) extracts wines with toluene. 
Although Gorni (Rev. intern. Falsif., 1906, 19, 16) has stated that tar- 
taric acid is extracted from wines both by chloroform and by carbon 
disulphide, Dubois (J. Amer. Chem. Soc., 1907, 29, 293) advocates the 
use of the latter solvent as follows: The wine is extracted with ether 
and the ethereal solution evaporated to dryness. The residue is 
rubbed with ro successive quantities (5 c.c. each) of carbon disulphide, 
the combined extracts evaporated, and the residue tested. The author 
states that carbon disulphide leaves undissolved several impurities 
which interfere with the colour reaction, chloroform redissolves some 
of the colouring matter extracted by the ether, whilst benzene, carbon 
tetrachloride, and light petroleum mixed with 10% of ether, dissolve 
salicylic acid with difficulty. 

Ferreira da Silva (Compt. rend., 1900, 131, 423), Pereira (Bull., Soc. 
Chim., 1901, [ili], 25, 475), Mastbaum (Chem. Zeit., 1903, 27, 829), and 
Spica (Gazzetta, 1903, 33, li, 482) have shown that some, but not all, 
natural wines known to be free from added salicylic acid, give the 
colouration with ferric chloride characteristic of this substance. From 
the observations made by Pellet (Ann. Chim. anal., 1901, 6, 328),it seems 
to be established that the reaction is caused by traces of salicylic acid 
formed naturally. For this reason it must not be concluded that a 
sample of wine is adulterated if a minute trace of salicylic acid is 
detected in it. This source of error is avoided by the German official 
method in which not more than 50 c.c. of the wine are used for the test. 

Some liquids are preferably subjected to a preliminary treatment 
before extracting with a solvent. Wine, beer, or urine may be treated 
with lead acetate, the filtrate precipitated with a slight excess of sul- 
phuric acid and again filtered. 

For the precipitation of casein from milk Pellet recommends the 
use of mercuric nitrate, but Revis and Payne state that this reagent 
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carries down a large proportion of the salicylic acid present. The 
method of coagulation advocated by Robin (Ann. Chim. anal., 1909, 
14, 53) consists in slowly adding so c.c. of the milk to a mixture of 10 
c.c. of 5% sulphuric acid and 20 c.c. of alcohol, and filtering until a 
clear filtrate is obtained. The latter is extracted as described above. 

Experiments made by Ferreira da Silva (Rev. intern. Falsif., 1901, 
14, 68) to determine the relative sensitiveness of various methods 
of extracting salicylic acid from wines, show that the most delicate 
is the original German official method (extraction of 50 c.c. with a 
mixture of ether and light petroleum) by which 1 part in 200,000 can be 
detected. The modified German process (extracting the residue from 
the ether-petroleum solution with benzene) shows 1 part in only 100,000 
whilst the Weigert-Rosler method (extraction with carbon disulphide 
or chloroform) is equally sensitive.* 

According to R. J. L. Schoepp (Ned. Tydschr. Pharm., 1896, '7, 67), the 
ferric chloride reaction is given by some specimens of beer un- 
doubtedly free from salicylic acid, owing to the presence of maltol, a 
substance isolated by Brand from roasted malt. Sherman states 
(J. Ind. Eng. Chem., 1910, 2, 24) that a similar substance is present 
in baked cereal products and in roasted coffee. This substance, 
however, does not yield any characteristic reaction with Millon’s 
reagent, with which salicylic acid gives a dark red colouration. Hence 
Schoepp considers it necessary in examining beer to use both tests. 

In order to avoid the troublesome expedient of extracting the 
salicylic acid with an immiscible solvent, some authors have made 
use of the fact that the acid is volatile in steam. Thus Pellet (Ann. 
Chim. anal., 1901, 6, 364) boils 20 c.c. of the suspected liquid, acidi- 
fied with phosphoric acid, and at intervals allows the escaping steam 
to condense on a glass rod. The liquid so condensed is added to a 
minute drop of ferric chloride solution, previously placed on a slightly 
greased porcelain plate. No reaction is obtained until the concentra- 
tion of the salicylic acid in the boiling liquid has reached 0.06 to 0.07 
grm. per litre, and therefore the method may be made roughly quantita- 
tive. A similar process, which is said to be particularly applicable to 


1C, O. Curtman (J. Pharm. [Chim., 1886, [v], 14, 523) recommends the formation of 
methyl salicylate for the detection of salicylic acid in wine or beer. He directs that 4 c.c. 
of the liquid to be tested should be mixed with 2 c.c. of methyl alcohol (or failing this, ordi- 
nary alcohol), and then 2 c.c. of pure sulphuric acid cautiously added. The liquid is agitated, 
heated for 2 minutes, allowed to cool for ro minutes, and then heated just to boiling, 
when if salicylic acid were present, a distinct odour of wintergreen oil will be perceptible, 
With traces, it may be necessary to allow the liquid to cool again, and then heat a third 
time. In examining condensed milk, etc., by this process, the sample should be digested 
for some hours with dilute alcohol, and the filtered liquid concentrated and heated as above. 
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spirituous products, is described by von Genersich (Zeitsch. Nahr. 
Genussm., 1908, 16, 218-222). 5 

Vitali (Boll. chim. farm., 1906, 45, 701) gives the following method 
for detecting salicylic acid in preserved tomatoes. The sample is 
acidified with hydrochloric acid, evaporated to a syrupy consistency, 
and extracted with absolute alcohol. The alcoholic extract is evap- 
orated, the residue dissolved in a little water and the solution shaken 
with toluene. The toluene extract is tested for salicylic acid by 
shaking with dilute ferric chloride solution. 

Instead of identifying the salicylic acid after extraction, by the 
colouration given with ferric chloride, Spica (Gazzetta, 1895, 25, i, 207) 
has suggested the following test: The residue from the evaporation 
of the extract is heated with a few drops of nitric acid and excess of 
ammonia added. The small quantity of liquid obtained is heated 
with a thread of white wool, free from grease, which will be dyed bright 
yellow (by the picric acid formed) if salicylic acid were present. The 
author claims that o.coo0o1 grm. of salicylic acid can be recognised 
in this way. According to Montanari (Gazzetta, 1904, 34, i, 290), the 
conversion into picric acid is complete only when sufficient nitric 
acid is used to allow the boiling to be continued for several minutes. 

Estimation. Volumetric Methods.—In the absence of other 
substances of acid character, free salicylic acid can be accurately esti- 
mated by titration with alkali hydroxide. Phenolphthalein is the 
preferable indicator, but litmus may be used. 1 c.c. of decinormal 
alkali solution represents 0.0138 grm. of salicylic acid. Barium 
hydroxide solution is preferable to potash or soda for titrating salicylic 
acid, as its’ use ensures the absence of carbonate. It is not essential 
that the sample should be wholly in solution before commencing the 
titration, but toward the end of the process any salicylic acid still 
remaining undissolved should be brought into solution by warming 
the liquid. The above method of titration is available in presence 
of phenol. 

Salicylic acid existing in the form of metallic salicylates can also be 
estimated by the foregoing titration method, provided the solution 
be first freely acidified with dilute sulphuric acid, and the liberated 
salicylic acid then extracted by agitation with ether or other solvent 
as already described. After separating, the immiscible solvent should 
be shaken twice with small quantities of water to remove traces of 
mineral acid. The dissolved salicylic acid may then be recovered 
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by cautious evaporation, but some loss by volatilisation is difficult 
to avoid. A preferable plan is to add a few drops of phenolphthalein 
solution, and titrate with standard baryta water, agitating between 
each addition. If desired, the immiscible solvent may then be sepa- 
rated from the neutral aqueous liquid, which may be evaporated, and 
the residual barium salicylate weighed or further examined. 

The volatility of salicylic acid in a current of steam may be utilised 
for its separation from certain interfering substances, but the process 
is not to be recommended, as complete volatilisation is difficult to 
attain. The solution of the substance should be freely acidified with 
phosphoric acid and distilled to a low bulk, water being then added 
and the operation repeated several times, or until the fraction last 
obtained exhibits no acid reaction to phenolphthalein. Phenol, 
benzoic acid, and the 3 isomeric cresotic acids behave similarly to 
salicylic acid; but m- and p-hydroxybenzoic acids and hydroxy- 
isophthalic acid are not volatile with steam. When the distillation 
process is to be applied to wine or beer, the liquid should be rendered 
alkaline with sodium hydroxide, reduced to half its bulk by boiling, 
to drive off the alcohol, and then acidified and distilled as described 
above. When only traces of salicylic acid are present, the distillate 
should be made alkaline and concentrated before acidifying and shak- 
ing with ether or applying other tests. 

Freyer (Chem. Zeit., 1896, 20, 820) devised a method of estimating 
salicylic acid based on the determination of the amount of bromine 
which a given weight of the sample absorbs. Fresenius and Griinhut 
(Zeitsch. anal. Chem., 1899, 38, 292) and von Genersich (loc. cit.), 
after comparing the various methods suggested, have come to the 
conclusion that Freyer’s process is the most accurate. 

Salicylic acid is sometimes stated to be converted by treatment with 
bromine into dibromosalicylic acid, according to the reaction: 
C.H,(OH).COOH + 2Br,= C.H,Br,(OH).COOH+ 2HBr. It is 
probable that this equation correctly represents the action which 
first occurs, but numerous experiments by Allen and other observers 
prove that salicylic acid in aqueous solution ultimately reacts with 
6 atoms of bromine (3Br,), to form a éribrominated salicylic acid, 


1 The constitution of this compound is uncertain. If it be CsH2Bro(OBr).COOH, analo 
with the substance CsH2Brs3.OBr would lead one to expect that it ey ae with poted 
sium iodide to form CsH2Br2(OH).COOH, but this implies the combination of 2Bro only 
instead of 3Bre. On the other hand, the formation of the substance CsH Bra(OH) .COOH - 
is not in accordance with the usual behaviour of ortho-derivatives of benzene, though it 
accounts for the absorption of 3Brz (see E. Werner, Bull. Soc. Chim., 1886, [ii], 46,, 275). 
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this subsequently splitting up into carbon dioxide and tribromophenol, 
according to the equation: 


C,H;Br,0;=CO.+CsH;Br,0.1 


Neither this change nor the conversion of the tribromophenol into 
the substance CsH,Br ,OBr by the excess of bromine affects the process, 
since the former reacts with 6 atoms of bromine and the latter is con- 
verted into tribromophenol on treatment with potassium iodide in 
acid solution: 


Co6H.Br;.0Br+ 2HI =Ce6H,Br;,0OH+HBr+lL. 


The process as carried out in Allen’s laboratory is as follows: 
A known weight of the sample is dissolved in water (preferably with 
the aid of a little sodium hydroxide) and a volume corresponding to 
about o. roo grm. of salicylic acid diluted to about 100 c.c. with water 
in a stoppered bottle. 10 c.c. of hydrochloric acid (sp. gr. 1. 1) is next 
added (von Genersich states that it is preferable to add the salicylic acid 
solution to the bromate solution after the acidification of the latter), 
followed by a known volume (about 50 to 60 c.c.) of a solution con- 
taining sodium bromate and bromide, of which sufficient should be 
used to give about 75% of bromine in excess of that entering into the 
reaction.” The bottle is closely stoppered, well shaken, and allowed 
to remain in the dark for at least 1 hour to ensure the completion of 
the reaction. Another bottle containing an equal quantity of the 
bromine solution is similarly diluted and acidified, and left to stand 
side by side with the sample. A solution of potassium iodide (10%) 
is next added to the contents of both bottles, and the liberated iodine 
titrated with a decinormal solution of sodium thiosulphate (24.827 grm. 
of Na,S,0,+5H,.O perlitre). Eacht1c.c. of this thiosulphate solution 
required represents 0.008 grm. of bromine in excess of that which 
has reacted with the salicylic acid, 0.138 grm. of which causes the 
disappearance of 0.480 grm. of free bromine, or as much as will be 
liberated by about 50 c.c. of the bromine solution. The observation 


1 Allen has further proved that the change by which the 4 atoms of bromine at first 
absorbed is ultimately increased to 6 occurs gradually, the reaction being accompanied by 
an evolution of carbon dioxide, but even after many hours the volume of gas does not 
approach that represented by the above equation. Determinations of the percentage of 
bromine show that the product obtained is a mixture (Allen and Tankard). 

2 This solution is prepared by dissolving 19.5 grm. of bromine (=6.5 c.c.) in about 
too c.c. of water containing 10 grm. of sodium hydroxide. The liquid thus obtained is 
‘boiled well, and then diluted with water to 2 litres. The solution keeps indefinitely. 
On addition of hydrochloric acid, the whole of the bromine present is liberated according 


to the equation: 
: s5NaBr+ NaBrO3+ 6HCl=6NaCl+3Bre+3H20. 
3 A more prolonged standing is desirable when very accurate results are required. 


Vor. III.—31 
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of the end point may be assisted by the use of starch paste, but it 
is important that this should not be added until the liquid is nearly 
decolourised. Hence, if a preparation already containing starch is to 
be examined, the salicylic acid must first be extracted by alcohol or 
other suitable solvent, and the process applied to the solution (Fresen- 
ius and Griinhut). In the case of wine and beer, the salicylic acid 
should be first extracted by the use of a mixture of ether and light 
petroleum, and the process applied to the aqueous liquid obtained on 
shaking the above solution with sodium hydroxide. 

The bromine process of estimating salicylic acid is specially 
valuable in presence of benzoic acid, which is not acted on by bromine 
in aqueous solution. The precipitate may be filtered off, and the 
benzoic acid isolated from the filtrate. Cinnamic acid reacts with 4 
atoms of bromine. 

Telle (J. Pharm. Chim., 1901, [vi], 13, 49) has proposed a somewhat 
similar method. This depends on the observation that when sodium 
hypochlorite solution is added to a solution of potassium bromide 
acidified with hydrochloric acid and containing salicylic acid, no 
bromine is liberated until the latter is completely converted into 
dibromosalicylic acid. 

Messinger and Vortmann (Ber., 1890, 23, 2753) propose to precipi- 
tate salicylic acid from its alkaline solutions, by iodine, as sodium 
di-iodosalicylic iodide, afterwards titrating the excess of iodine with 
sodium thiosulphate. ‘The reaction takes place as follows: 


CoH,(OH).COONa+3NaOH + 31, =CoH.1.(O1)COONa+3Nal + 3H.0. 


W. Fresenius and Griinhut (Zeit. anal. Chem., 1899, 38, 292) have 
criticised the method adversely, but Messinger has shown that, under 
proper conditions, it gives accurate results (J. pr. Chem., 1900, [ii], 61, 
236).' The process is also applicable to the estimation of phenol, 
thymol, and (-naphthol. The methods of Freyer and of Messinger 
and Vortmann are unfavourably criticised by Seidell (J. Amer. Chem. 
S0¢., 1909, 31, 1168) who advocates the following as more satisfactory. 


1F, B. Power considers the process fairly accurate. Too large an excess of alkali 
not be used. He gives the following data for one of his eipenments: ek : 
bismuth salicylate was dissolved in hydrochloric acid, the bismuth precipitated by sodium 
hydroxide, the liquid filtered, and the filtrate made up to 250 ¢.c._ 50 c.c. of this solution 
were neutralised in a stoppered bottle with sulphuric acid, and then o.5 c.c. ofa 10% solu- 
tion of sodium hydroxide added. The bottle was immersed in hot water, and when the 
contents were at 60°, 31 c.c. of decinormal iodine solution were added, and the flask kept 
warm and occasionally shaken for a few minutes. The liquid was then cooled, acidified 
with sulphuric acid, filtered, and the precipitate washed with a little water. The filtrate 
esuiieed I 5 A - Cah oe Sie ihate ake that the iodine of 15.9 c.c. had been absorbed. 

S 1 c.c, of decinormal iodine corresponds to 0.0023 grm., of salicylic acid, this indi 
38.25% in the bismuth salt, against a calculated SRiGUN of 38.45 % Se ee 
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A known weight of the sample of salicylate dissolved in a small quantity 
of water is introduced into a stoppered bottle and treated with 50 c.c. 
of strong hydrochloric acid. The solution is titrated with N/5 
bromate solution, the liquid being shaken and warmed gently after 
each addition, The bromate solution is added until the yellow colour 
of free bromine persists for 5 minutes after the addition of the last two 
drops, the liquid having a temperature of 80° to 100°. In this reaction 
one molecule of salicylic acid absorbs two molecules of bromine. A 
variation in the method consists of treating the salicylic solution with 
excess of bromate, and estimating the unabsorbed bromine with 
standard stannous chloride solution, 

Gravimetric Method.—According to Bougault (Compt. rend., 
1908, 146, 1403), the substance obtained by Messinger and Vortmann 
by the action of iodine on salicylic acid is a mixture of potassium 3:5- 
di-iodosalicylate with the red substance described by Lautemann 
(Annalen, 1861, 120, 309) which was shown by Benzinger and Kam- 
merer (Ber., 1878, 11, 557) to be tetraiododiphenylenequinone. The 
extreme insolubility of the latter substance furnishes a method of 
estimating salicylic acid, which is especially applicable in the presence 
of cinnamic acid. A weight of the sample containing approximately 
0.1 grm. of salicylic acid is dissolved in a solution of 1 grm. of sodium 
carbonate in 50 c.c. of water. Excess of iodine is added, the liquid 
heated for 20 minutes on a water-bath, and then boiled for ro minutes 
under a reflux condenser, iodine being added from time to time to en- 
sure the presence of excess. After removing the excess of iodine with 
sodium sulphite, the precipitate is collected on a Gooch crucible, 
washed, dried, and weighed. The weight multiplied by 138/344 gives 
the weight of salicylic acid. -Hydroxybenzoic acid reacts with 
iodine, giving the same substance. 

For the estimation of salicylic acid in wine, Bigelow treats 100 c.c. 
of the sample with 5 c.c. of sulphuric acid (1:3) and extracts with 
50 c.c. of carbon tetrachloride or toluene. 25 c.c, of the extract are 
evaporated in a tared flask and the residue weighed. The latter 
may afterwards be dissolved in alcohol and the solution titrated with 
N/t1oo baryta. If the proportion of acid present is less than 0.025 
grm, per roo c.c, it is more accurately estimated colourimetrically. 
(U.S. Dept. Agric, Bull., No. 122, 1909, 64.) 

Colourimetric Methods.—The ferric chloride reaction may be 
employed for the approximate colourimetric estimation of salicylic acid. 
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When the operation is performed on the original liquid, instead of 
using an aqueous solution of salicylic acid as the standard of com- 
parison, it is preferable in all cases to add a definite amount of salicylic 
acid to a liquid of the same kind as that in which the salicylic acid is 
to be estimated. Thus milk should be compared with milk, beer 
with beer, and urine with urine, and the standard specimen submitted 
to the same treatment as the sample to be compared with it. But in all 
cases it is preferable to extract the salicylic acid with ether before ap- 
plying the iron test, as many substances weaken the colour-reaction or 
suppress it entirely. The ferric chloride solution should be very 
dilute, and must be added gradually till the colouration no longer in- 
creases. With small quantities of salicylic acid an excess of ferric 
chloride destroys the colouration." 

The following method of applying the ferric chloride reaction to the 
estimation of salicylic acid in organic liquids and in foods, de- 
scribed by S. Harvey (Analyst, 1903, 28, 2), has given good results 
in Allen’s laboratory.?. Standard solutions of pure salicylic acid 
are prepared, containing, respectively, 0.100 and 0.010 grm. of the acid 
per roo c.c. The salicylic acid is suspended in water and dissolved 
by adding a slight excess of sodium hydroxide solution, and the liquid 
then rendered neutral to phenolphthalein by decinormal sulphuric 
acid. ‘The solutions should be freshly made when required. The use 
of hydrochloric acid throughout the process should be avoided, as it 
seems to interfere with the colouration. A 1% solution of iron-alum 
is used to produce the violet colouration, which is purer and more 
stable than that obtained with ferric chloride. The alum solution 
should be acidified with a few drops of dilute sulphuric acid per 100 c.c. 

The liquid under examination is acidified with sulphuric acid, and 
extracted with a mixture of light petroleum and ether as already de- 
scribed. Syrupy and strongly alcoholic liquids should be somewhat 
diluted before extraction with the mixed solvents. 2 successive shak- 


1 According to Fajans (Chem. Zeit., 1893, 17, 69), the colourimetric estimation of salicylic 
acid by means of ferric chloride cannot be carried out in the presence of phenols. Advan- 
tage may be taken, however, of the fact that the latter give no colour with a solution of 
ferric? chloride in absolute alcohol. To estimate salicylic acid, the suspected liquid is 
acidified and extracted with ether, the solvent being allowed to evaporate spontaneously. 
The residue is dissolved in 25 to 30 c.c. of absolute alcohol, introduced into a graduated 
tube, and mixed with a few drops of a 5% solution of ferric chloride in absolute alcohol, until 
the colour ceases to darken. In a similar tube the same amount of an alcoholic solution 
of salicylic acid (2 in 10,000) is taken, and then a sufficiency of ferric chloride solution. 
Finally the darker of the two mixtures is diluted with absolute alcohol until they both show 
the same intensity of colour; the difference in volume is noted, and the amount of salicylic 
acid thusfound. According to Fajans, by this process 1 part of salicylic acid in the presence 
of 800 parts of phenol may be accurately estimated. 


4 2 Pellet and de Grobert (Bull. Assoc. chim, sucr. dist., 1902, 20, 289) have described a 
similar method, 
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ings with the solvent are sufficient, and but little colouring matter is 
dissolved. The separated solvent is next shaken with 2 successive 
quantities of water containing a known amount (5 c.c.) of decinormal 
alkali hydroxide, the aqueous liquid being separated, carefully neutral- 
ised, and diluted to 250 c.c. or soo c.c.1_ A known volume of this liquid 
is withdrawn, diluted if necessary to 100 c.c., and 1 or 2 c.c. of the iron- 
alum solution added. The operation is conveniently carried out in 
Nessler glasses, a standard being obtained in the same way by using 
the weaker of the 2 solutions of salicylic acid described above. The 
maximum amount of salicylic acid capable of being compared by this 
colourimetric process is 0.cor grm. per 100 c.c., but less than this 
amount is preferable. 

For the estimation of salicylic acid in foods and beverages containing 
tannin, Harry and Mummery have devised a process (Analyst, 1905, 30, 
124) based on the fact that lead tannate is insoluble in alkalis, whilst 
lead salicylate is readily soluble. In the case of jam, fruit pulp, or 
similar substances, 50 grm. of the crushed sample are introduced into 
a 300 c.c. flask together with a little water and 15 to 20 c.c. of asaturated 
solution of basic lead acetate. The mixture is made alkaline by the 
addition of 25 c.c. of approximately normal sodium hydroxide solution, 
and after well shaking, 15 to 20 c.c. of N-hydrochloric acid are added 
and the whole diluted to 300 c.c. The partial neutralisation of the 
alkali is required in order to obtain complete solution of the lead 
salicylate. After well mixing, the contents of the flask are filtered, 
200 c.c. of the filtraté are acidified with hydrochloric acid, again 
filtered if necessary, and extracted 3 times with ether. The residue 
left after evaporating the combined ethereal extracts is dissolved in 
alcohol, the solution diluted to too c.c. and the salicylic acid estimated 
colourimetrically with ferric chloride. These authors disagree with 
Harvey as to the advisability of using iron-alum solution, particularly 
in the acid condition. 

In the case of milk and cream, Revis and Payne have obtained 
satisfactory results by the following process (Analyst, 1907, 32, 286): 
20 c.c. of the milk or 20 grm. of the cream are introduced into a stop- 
pered flask and rendered exactly neutral to litmus by adding NV-so- 
dium hydroxide solution, the volume added being noted. 40 c.c. of 


1 The use of distilled water throughout the process is imperative. The accuracy of the 
method is impaired by the presence of more than small amounts of saline matter in the 
solution to be compared, and the slightest alkalinity is fatal to success. The slight acidity 
due to the iron-alum solution is an advantage. 
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neutral absolute alcohol are added, the flask stoppered securely, and 
immersed in water at 95° for 15 minutes with frequent shaking (this 
is essential). After cooling a volume of water equivalent to that 
of the proteins and fat less that of the alkali solution used for neutrali- 
sation, is added. For milks this correction may be taken as 2 c.c., but 
for creams it depends on the percentage of fat. To 20 grm. of cream 
containing 55% of fat 12.5 c.c. of water must be added, with 50% of 
fat 11.4 c.c., 40% of fat 9.3 c.c., 30% of fat7.2c.c.,andsoon. The 
mixture is then filtered or, better, separated by means of a centrifugal 
machine. 40 c.c. of the clear filtrate are introduced into a flask with 
100 c.c. of water and sufficient sodium hydroxide to make the liquid 
distinctly alkaline, and distilled until 60 c.c. of distillate have been 
collected. The residue is transferred to a 250 c.c. measuring flask, 
treated with 2 c.c. of a potassium mercuric iodide solution, prepared by 
dissolving 1.35 grm. of mercuric chloride and 3.32 grm. of potassium 
iodide in 64 c.c. of water and adding 20 c.c. of concentrated sulphuric 
acid, and diluted to 250 c.c. (in the case of cream a further 1 c.c. of 
water is added to allow for the slight precipitation of protein). After 
standing for a few minutes the liquid is filtered and 100 c.c. of the fil- 
trate extracted 3 times with ether, using 20 c.c. at each extraction. 
The combined ethereal extracts, after washing with a little water, are 
mixed with 20 c.c. of water and 1 drop of phenolphthalein solution, 
and N/10 sodium hydroxide solution added until, on shaking, the 
lower (aqueous layer) remains red. 1 c.c. excess of the alkali is added 
and, after well shaking, the aqueous layer is separated. ‘The ether is 
again extracted with 20 c.c. of water containing 1 c.c. of N/10 alkali, 
and finally with 20 c.c. of water. To the combined aqueous ex- 
tracts, N’/10 sulphuric acid equivalent to the alkali used, is added, the 
solution diluted to 100 c.c. and examined colourimetrically in the usual 
manner. A concentration of salicylic atid of 0.001-0.002% (not 
more) gives the most suitable colouration. The iron solution is best 
prepared by diluting a 1% ferric alum solution with 5 volumes of water 
and then evaporating to the original bulk. The reagent thus treated 
does not precipitate the test solution. Boric and benzoic acids do not 
interfere in this method. 

Dubois (J. Amer. Chem. Soc., 1906, 28, 1616) states that salicylic 
acid cannot be successfully separated from tinned tomatoes either by 
extraction with light petroleum or by steam distillation. He recom- 
mends the following procedure: 50 grm. of the pulped sample are in- 
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troduced into a 200 c.c. flask with 50 c.c. of water, the mixture neutral- 
ised with ammonia, and 15 c.c. of milk of lime (1:10) added. The 
product is diluted to 200 c.c., well shaken, and filtered. 150 c.c. of 
the filtrate are extracted 4 times with 25 c.c. (each time) of ether, and 
the combined ethereal extracts washed twice with water. The ethereal 
solution is distilled until only 20 to 25 c.c. remain, and the residue is 
allowed to evaporate spontaneously. The solid residue is dissolved 
in hot water and the salicylic acid estimated colourimetrically. 


METALLIC AND ALKALOIDAL SALICYLATES. 


Sodium salicylate, NaC,H.O,, H,O forms small white crystalline 
plates or a crystalline powder, odourless and permanent in the air. 
It has a sweetish, saline and somewhat alkaline taste, and a neutral 
or feebly acid reaction to litmus. It is soluble in an equal weight of 
-cold water, only slightly soluble in absolute alcohol, but soluble in 8 
parts of cold rectified spirit. In boiling water and alcohol sodium 
salicylate is very soluble. Both the alcoholic and the aqueous solu- 
tions give a violet colour with ferric chloride. On ignition, sodium 
salicylate evolves phenol, and leaves from 30 to 31% of Na,CO,._ It 
is completely soluble in ammonia, and the solution does not reduce 
silver nitrate, even on boiling. Barium chloride should cause no 
precipitate in the aqueous solution, and the precipitate with silver 
nitrate should completely dissolve on addition of nitric acid and alco- 
hol. When the solid salt is shaken in the cold with 15 parts of strong 
sulphuric acid, no brown colouration should be produced. 

The British Pharmacopceia (1898) states that solutions of sodium 
salicylate, not more dilute than 1% strength, give a yellowish-brown 
precipitate with uranium nitrate solution (distinction from carbolates 
and sulphocarbolates). With only a small quantity of the uranium 
nitrate solution, the liquid is coloured brown, but no precipitation 
occurs. Larger quantities of the reagent give the yellow-brown 
flocculent precipitate of uranyl salicylate, which subsequently ac- 
quires a ‘‘silky”’ appearance. 

As in the case of salicylic acid, 3 qualities of sodium salicylate are 
recognised in commerce. Especially if not quite pure, sodium salicy- 
late is liable to become coloured by keeping. This change is more 
marked when the salt is exposed to air and light. The same is true 
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of the solution, but this may be preserved by the addition of about 1% 
of sodium thiosulphate. 

For the assay of sodium salicylate Alcock (Pharm. J., 1906, [iv], 23, 
597) advocates the following method: 0.5 grm. of the sample and o. 5 
grm. of ammonium chloride are dissolved in ro c.c. of water, and the 
solution evaporated to dryness in a platinum dish. Salicylic acid, 
ammonia and phenol (if present) are evolved during this evaporation. 
The residue is gently ignited, cooled, and the residual sodium chloride 
dissolved in water and the solution titrated with N/1o silver nitrate 
solution, of which 31.2 c.c. should be required. A preliminary estima- 
tion must be made of the chloride present in the sample. 

Lithium salicylate, LiC,H.O,, forms a white crystalline powder, 
readily soluble in water and alcohol. As met with in commerce, it 
usually has an acid reaction. The solubility of this salt in water at 
15° is about 1:0.8, and in alcohol abouti:1.7. Lithium salicylate 
is employed (in doses of 0.5 to t.0 grm.) in the treatment of acute or 
chronic rheumatism. 

Ferric salicylate, Fe(C,H;O,),, separates, on mixing a strong 
solution of sodium salicylate with ferric chloride, as a brown precipi- 
tate, which, together with the mother liquor, rapidly acquires a deep 
violet colour. After washing, ferric salicylate forms a brown amor- 
phous substance, which yields a violet solution on boiling with water. 

Strontium salicylate, Sr(C,H;O,)., forms sparingly soluble 
crystals. It is highly recommended as an internal antiseptic in place 
of salol, and in chronic gout and rheumatism, especially when compli- 
cated by nervous disorders. 

Aluminium salicylate, Al,(C,H;,O,)5+3H,O, is obtained as a 
precipitate on mixing solutions of an aluminium salt and sodium 
salicylate. It occurs in commerce under the name of “‘Salumen” as a 
reddish-white, insoluble powder, which is employed as a dusting 
powder in catarrhal affections of the nose and pharynx. 

Aluminium ammonium salicylate, Al,[C>H,(ONH,)CO,]6 + 
2H,0, is a neutral soluble salt which is more stable in solution than 
in the dry state. Under the name of “‘Soluble Salumen”’ it is used as 
an astringent wash for the throat and nasal passages. 

Aluminium potassium salicylate has been employed as a com- 
bined astringent and antiseptic under the name ‘Alkasal’”’ or 
“Alkasol.” Alkasal is also the name given to an aluminium 
potassium acetate. 
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Mercuric Salicylate. —A basic compound of the formula 


co, : 3 aN : ciinetics 
CoH Hg is obtained by mixing solutions of mercuric nitrate 


and sodium salicylate, and is now official in the German Pharmacopceia 
(Edit. iv). It forms a white amorphous powder, insoluble in water 
and chloroform, but soluble in a solution of sodium chloride and other 
haloid salts. Freshly-prepared mercuric salicylate is more soluble, 
and gives a stronger ferric chloride reaction than old samples. Mer- 
curic salicylate is also somewhat soluble in ether (1:100) and in 95% 
alcohol (1:45). After keeping for some time, the salt has an acid re- 
action to litmus. Mercuric salicylate keeps best in solution in sodium 
chloride. Mercuric salicylate is decomposed by a solution of sodium 
carbonate. 

E. Rupp (Arch. Pharm., 1901, 239, 114) states that the method given 
in the German Pharmacopeceia for the estimation of the mercury in 
mercuric salicylate (precipitation of mercuric sulphide by hydrogen 
sulphide) is unreliable, and recommends that 0.3 grm. of the sali- 
cylate should be rubbed down with a little water and 25 c.c. of deci- 
normal iodine solution run in. After standing for an hour in a well- 
stoppered flask, the excess of iodine is determined by titration with 
standard thiosulphate solution. Several estimations required 16.5 
to 16.8 c.c. of decinormal iodine, practically no variation being 
noticed whether the action was allowed to continue for 1 hour or 
15. Theoretically, o.3 grm. of the salicylate should require 17.85 c.c. 
of decinormal iodine solution. The low results obtained are due to 
the fact that mercuric salicylate reacts with haloid salts to form a 
double compound, but as this is a constant, the results are quite 
reliable. 

‘Bismuth salicylate, or, more correctly, Bismuthyl Salicylate 
BiO.C,H,0,+H,0,! is employed to a considerable extent in medi- 
cine. It is a white amorphous powder, insoluble in water. The 
British Pharmacopoeia (1898) requires that when the substance is 
shaken with alcohol of 90%, the filtered liquid shall give no colour with 
ferric chloride (indicative of free salicylic acid). It is further required 
that, when precipitated with hydrogen sulphide, the salt should yield 
70% (the theoretical quantity is 71%) of bismuth sulphide, Bi,S,. 

1 According to Martinotti and Cornelio (Boll. Chim. farm., 1901, 40, 141), commercial 
bismuth salicylate contains one or both of the following compounds: 

CsH«(OH) .COOBiO; and CsH«(OH) .COOBi(OH):. 


P. Thibault, however (J. Pharm. Chim., r901, [vi], 14, 22; Bull. Soc. Chim., 1901, [iii], 25, 
794), has obtained a true bismuth salicylate, having the formula BizOs.(C7H6Os)s. 
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The theoretical quantity of Bi,O, which should be obtained on heating 
and cautious ignition of bismuth salicylate is 64.3%, but the salt is 
very liable to yield slightly more oxide. The British Pharmacopceia 
of 1898 requires from 62 to 64% of bismuth oxide.* 

The use of alcohol as a solvent for free salicylic acid in bismuth 
salicylate is unsatisfactory, since it causes partial decomposition of 
the latter. W. Lyon (Pharm. J., 1904, [iv], 18, 219) prefers to employ 
90% benzol, which is free from this objection. 

Harrison (Pharm. J., 1908, [iv], 27, 349) recommends the use of 
ether for the same purpose. 

In the examination of bismuth salicylate the determination of the 
proportion of bismuth oxide left on ignition will usually be found a 
sufficient indication of quality, but the salicylic acid may also be sepa- 
rated by acidifying the solution with hydrochloric acid and agitating 
with ether, when the residue, left on evaporation of the ether, may be 
examined for p-cresotic acid. 

Although commercial samples of bismuth salicylate may easily be 
obtained of a fair standard of purity, the percentage of Bi,O, is very 
variable. From 30 to 75% of the oxide have been found by various 
observers. 

D. B. Dott (Pharm. J., 1895, [iv], I, 582) has described a sample 
of so-called bismuth salicylate which contained 47% of free salicylic 
acid, as etimated by treatment of the sample with ether. Bismuth 
salicylate is extensively employed for the treatment of gastric catarrh 
and some intestinal disorders, but the presence of more than insignifi- - 
cant traces of free acid renders the preparation objectionable. Sam- 
ples having an exceptionally light colour generally contain a notable 
quantity of free acid. 

Commercial bismuth salicylate is very liable to contain small quan- 
tities of bismuth nitrate, and, according to Green and Windridge 
(Pharm. J., 1900, [iv], 10, 262), this impurity is always present. For 
its detection, they dissolve the sample in pure sulphuric acid and add 
the liquid to a solution of brucine in the same acid. This latter often 
has a pink or rose colour, but in the presence of traces of nitrates the 


1Tt has been pointed out by several observers that no sample of bismuth salicylate, 
however carefully prepared, will answer to the official requirements, as the portion extracted 
ay. alcohol will invariably give a violet reaction with ferric chloride, whilst the percentage 
of bismuth oxide will often reach as much as 66 even in the most carefully prepared speci- 
mens. F, B. Power points out that the pharmacopceial requirements are inconsistent, 
since if less than 64.3% of bismuth oxide is present there must necessarily be a corre- 
sponding excess of salicylic acid, which will give a!violet colouration with ferric chloride when 
shaken out with alcohol. 
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colour becomes a bright red which cannot be mistaken. The reaction 
with indigo has also been proposed for the detection of nitrate in 
bismuth salicylate. 

I. Kollo (Proc. Amer. Pharm. Assoc., 1899, p. 719) has proposed 
to assay bismuth salicylate by heating a known weight with excess of 
normal sodium hydroxide, filtering off and weighing the resultant 
BiO. OH (or igniting it to Bi,O,), and calculating the salicylic acid 
from the diminished alkalinity of the filtrate. The results are not 
very accurate, and any nitrate of bismuth present in the sample will 
be calculated as salicylate. 

F, B. Power has found that Messinger and Vortmann’s iodine process 
(page 482) can be satisfactorily employed for the assay of bismuth 
salicylate. 

Bismuth cerium salicylate forms an insoluble pink powder which 
has proved valuable in the treatment of diseases of the gastric and in- 
testinal mticous membranes. 

Sodio-theobromine Salicylate——A compound of the formula 
C,H,N,O,Na+C.e6H,(OH).COONa, has received application in 
medicine under the name of “‘Diuretin.” It is prepared by mixing 
aqueous solutions of molecular proportions of sodium salicylate and 
sodium-theobromine, and evaporating to dryness. 

According to Sztankay (Pharm. Post., 1898, 31, 189), diuretin has the 
composition C,HsN,O,NaOH.OH.C.6H,.CO,Na, whilst the true 
sodio-theobromine salicylate, C,HsN,O,.0H.Co6H,CO,Na, can be 
prepared by adding theobromine to warm sodium salicylate solution as 
long as it dissolves and then allowing to crystallise. It is less soluble in 
water than diuretin (Pharm. Zeit., 1899, 40, 29). 

Diuretin is a white amorphous powder, freely soluble in water, 
but decomposed by acids. It is employed as a diuretic in cases of 
scarlet fever, nephritis, etc. (dose: adults, 20 to 4o grains; children, 8 to 
24 grains). ‘‘Uropherin” is the lithium compound corresponding to 
diuretin. It is recommended as a diuretic in doses of 15 grains. 

Antipyrine salicylate is known commercially as ‘‘Salipyrin.” 
It is an odourless crystalline powder melting at about 91°. It has a 
pleasant taste, and possesses the properties of its constituents. 

Altschul states (Pharm. Centr. Halle, 1893, 33, 61) that phenol- 
phthalein is not coloured by antipyrine and that consequently the 
salicylic acid in a sample of salipyrin can be titrated with standard 
alkali. 
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Tolypyrine salicylate, commercially known as ‘‘Tolysal,” melts 
at to1°, and closely resembles salipyrin. 

Quinine salicylate is used to a considerable extent as an antipyretic 
in typhus, and as a remedy for gout and rheumatism. It forms fine 
white needles of the formula C,.H,,N,0,,C,He60,+H.O. It should 
contain 70% of quinine, but is very liable to be contaminated with 
excess of salicylic acid, for which impurity it should always be examined. 
Quinine salicylate dissolves in about 225 parts of cold water, in 20 parts 
of 90% alcohol, and in 25 parts of chloroform. 

“Saloquinine,” C>H,(OH).COO.C,.H,;N,O, the quinine-ester 
of salicylic acid, has been recommended as an analgesic; and “ Rheu- 
matine,” the salicylate of saloquinine, is said to be of value in rheu- 
matic affections. 

Colchicine salicylate, known in commerce as ‘“‘Colchisal,” is used, 
in doses of 1/100 of a grain, in the treatment of arthritis, gout, and 
rheumatism. It forms a yellow amorphous powder, soluble in 
water, alcohol, and ether. The name “‘colchisal”’ is also applied to a 
mixture of colchicine and methyl salicylate. The preparation is 
dangerous in cases of kidney disease. 


SALICYLIC ESTERS. 


Several of the esters of salicylic acid are of considerable commercial 
importance, and this is specially the case with the methyl and phenyl 
esters. 

Methyl Salicylate, C;H,(OH).COO(CH;).—This compound oc- 
curs naturally in the leaves of the Wintergreen (Gaultheria procumbens) 
and the bark of the Sweet Birch (Betula lenta), and the essential oils 
from these sources consist of methyl salicylate in an approximately 
pure condition. Methyl salicylate occurs in smaller proportion in 
various other plants,’ but usually in the form of the crystallisable 
glucoside gaultherin, which under the influence of the soluble ferment 
betulase splits up into dextrose and methyl salicylate: C,,H,s0s+ 
H,O=Co6H,.06+Co6H,(OH).COO(CH,). The ester of wintergreen 
leaves and betula bark exists chiefly in the form of the glucoside, but 
in the former case some ready-formed methy] salicylate is also present. 

In addition to the foregoing natural sources, methyl salicylate is now 
manufactured synthetically on a considerable scale, by distilling 2 
parts of salicylic acid with 2 of methyl alcohol and 1 of strong sul- 


1The salicylic acid detected in certain fruits is probably present as methyl salicylate. 
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phuric acid. An alternative process, which is said to give good results, 
is to pass dry hydrochloric acid gas through a saturated solution of 
salicylic acid in methyl alcohol (H. T. Thayer, Amer. Jour. Pharm., 
1895, 67, 243; Pharm. J., 1895, [iii], 25, 1090). 

Pure methyl salicylate is a colourless or yellowish oil of peculiar 
aromatic odour. It has a sp. gr. of 1.1819 at 16°, and boils under the 
ordinary atmospheric pressure at 224°. If shaken with water and the 
aqueous liquid then treated with ferric chloride a deep violet coloura- 
tion is produced. When boiled with sodium hydroxide methy] salicylate 
is hydrolysed with the formation of methyl alcohol and a salicylate, but 
with cold, dilute potassium hydroxide solution it reacts to form a crys- 
talline compound of the formula C6H,(OK).COOMe. 

Methyl salicylate is now manufactured in a state of considerable 
purity, and is extensively used in the treatment of rheumatism and 
kindred affections. It is known in commerce as “artificial winter- 
green or gaultheria oil,” and is said to be preferable to the natural oils 
of wintergreen and sweet birch, as being less liable to adulteration. 

Estimation.—Gibbs (J. Amer. Chem. Soc., 1908, 30, 1465) describes 
the following method for estimating methyl salicylate in foods and 
drugs: The substance is extracted with N-sodium hydrogen carbonate 
solution, which dissolves the salicylic acid and a part of the ester. The 
remainder of the latter is isolated by acidifying with dilute sulphuric 
acid and distilling in steam. Both the distillate and the alkaline solu- 
tion are extracted with chloroform, the chloroform extracts are boiled 
in a reflux apparatus with excess of potassium hydroxide and the 
salicylic acid liberated is estimated. 

Natural gaultheria or wintergreen oil (from Gaultheria pro- 
cumbens) contains about 99% of methyl salicylate (Power and Kleber? 
Pharm. Rundschau, 1895, 43, 228). The remaining 1% was isolated by 
repeatedly shaking an ethereal solution of the oil with potassium hy- 
droxide solution, as described under birch oil (page 494). Only 1.05% 
of the sample survived this treatment, and on evaporation of the ether was 
obtained as a mass which was semi-solid at the ordinary temperature. 
Power and Kleber isolated from it the following substances: <A paraffin 


1In large quantities, methyl salicylate has marked toxic properties. A fatal case of 
poisoning of a middle-aged farmer who took two ounces of wintergreen oil in mistake for 
whisky has been recorded by B. Pillsbury (New York ,Med. Record, 58, 150). Death 
occurred from exhaustion in 41 hours. 

2 Cahours, in 1844, found wintergreen oil to contain 90% of methyl salicylate and 10% 
of a terpene boiling at 160°, which he called ‘‘ gaultherilene.”” Recent analyses of gaultheria 
oil have failed to confirm this observation-and it is highly probable that the oil examined 
by Cahours was adulterated with turpentine oil. 
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m. p. 65.5° and of the probable formula C,.H¢.; an aldehyde or ketone, 
which when separated in a pure form from its hydrogen sulphite com- 
pound had an odour like that of cenanthic aldehyde; a secondary 
alcohol, CgsH,6O, b. p. 160° to 165° corresponding to the above alde- 
hyde or ketone; and an ester which on saponification yielded the 
above alcohol and an acid containing CsH,.O., resulting by oxidation 
from the ketone.! The alcohol and ester possessed the penetrating 
characteristic odour which distinguishes wintergreen oil from artificial 
methyl salicylate, and gives the natural product its special value as a 
perfume. 

True gaultheria oil is a colourless, yellow, or reddish liquid of a 
characteristic, strongly aromatic odour, which is different from that of 
birch oil or artificial methyl salicylate. The sp. gr. of the natural 
il ranges from 1.180 to 1.187, and the b. p. from 218° to 221°. The oil 
is readily soluble in alcohol, ether, chloroform, and glacial acetic acid. 

True gaultheria oil (now commercially almost obsolete) differs from 
birch oil and artificial methyl salicylate in being feebly optically active, 
the value of [a] p being —o. 25° to—1°. This character is the only one 
besides the odour by which gaultheria oil is distinguishable from sweet 
birch oil, which is now very generally substituted for it. 

Oil of sweet birch is prepared from the bark of Betula lenta, a tree 
growing extensively in some of the older of the United States.” It is 
colourless or yellowish, but sometimes has a reddish tint from the 
presence of traces of iron. In odour and taste birch oil is practically 
indistinguishable from pure methyl salicylate, in both of which respects 
it differs from wintergreen oil. The optical neutrality of birch oil 
also distinguishes it from wintergreen oil, but the sp. gr. and b. p. 
are identical for the two oils. 

According to Power and Kleber (loc. cit.), sweet birch oil is composed 
almost wholly of methyl salicylate, of which it contains 99.8%. To 
separate the small proportion of other constituents, Power and Kleber 
dissolve the oil in ether, and shake with a 7.5% solution of potassium 
hydroxide in water, when potassium methyl salicylate passes into the 
aqueous liquid and the other constituents are retained by the ether. 
By evaporation of the separated ether Power and Kleber obtained a 
residue from which they isolated a paraffin and ester apparently iden- 


1Trimble and Schréter found wintergreen and birch oils to contain traces of alcohol and 
peuzoic eS 4 

* On the Production and Purification of Oil of Birch see the Scientific American, June 
13, 1891; Amer. Journ. Pharm., Dec., 1891; Pharm. J., 1892, [iii], 22, 593. oe 
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tical with those found by them in gaultheria oil; but the secondary 
alcohol accompanying these compounds was not found in birch oil. 
Both the natural and artificial varieties of methyl salicylate resemble 
salicylic acid in giving a deep violet colouration when their alcoholic 
or aqueous solutions are treated with ferric chloride. 

The commercial forms of methyl salicylate, especially those of so- 
called natural origin, are liable to adulteration with alcohol, chloro- 
form, sassafras oil, oil of camphor, and petroleum. The sp. gr. of 
the sample affords a good indication of sophistication, since all the 
above-named adulterants except chloroform are of less density than 
methyl salicylate. The solubility of the oil in 70% alcohol is also 
decreased by the presence of most adulterants. 

If either of the forms of methyl salicylate be treated in a graduated 
tube with ro volumes of a 5% aqueous solution of potassium hydroxide, 
it dissolves entirely, either at once or on placing the tube in boiling 
water, whereas any admixed oils remain undissolved, and if present 
in sufficient proportion can be measured. As the odour of the methyl 
salicylate is entirely destroyed by the treatment with alkali, the pres- 
ence of chloroform and other adulterants of strong odour becomes 
apparent at this stage. The residual odour also distinguishes true 
gaultheria oil from oil of sweet birch or artificial methyl salicylate. 

Chloroform may also be detected by the smell when the oil is 
warmed. Samples containing chloroform have a high density and 
low b. p., whilst the density is diminished by the presence of alcohol. 
The chloroform may be approximately separated and estimated by 
fractional distillation, or by estimating the hydrochloric acid formed on 
passing the vapour mixed with hydrogen through ared-hot tube. In 
the portion from which the alcohol and chloroform have been sepa- 
rated by distillation, oil of sassafras may be recognised by its odour 
after addition of a hot concentrated solution of potassium hydroxide. 
Sassafras oil may also be detected by adding 3 or 4 drops of nitric 
acid (sp. gr. 1.3 to 1.4) to 4 or 5 drops of the oil. Sassafras oil be- 
comes blood-red in colour, and soon changes to a brown or dark red 
amorphous mass. Pure methyl salicylate is unchanged at first, but 
after some hours it solidifies to a mass of colourless crystals, con- 
‘sisting of methyl nitrosalicylate. 

The presence of petroleum greatly modifies the solubility of methyl 
salicylate in alcohol, besides reducing the sp. gr. Oil of camphor will 
be rectified before being used as an adulterant. If the lighter frac- 
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tions be employed, these will reduce the sp. gr. of the sample and 
render it optically active; and the terpenes of the camphor oil can be 
distilled off and further examined. The heavier fractions of camphor 
oil contain much safrole, which can be recognised by its odour after the 
methyl salicylate has been saponified. 

A useful control on the foregoing tests is obtained by actual esti- 
mation of the real methyl salicylate present. This may be effected 
by saponifying the oil with a known quantity of potassium hydroxide, 
and determining the excess by titration with standard acid and phenol- 
phthalein, as in Koettstorfer’s method for oils; by acidifying the 
liquid after saponification, extracting the liberated salicylic acid with 
ether, and titrating the separated ethereal solution; or by treating 
the sample with alkali and standard iodine, and titrating the acidified 
liquid with standard thiosulphate, as practised by Messinger and 
Vortmann. Although the oils from Gaultheria procumbens and Betula 
lenta contain other esters which are expressed in terms of methyl sali- 
cylate when the saponification method of assay is employed, Schim- 
mel & Co. prefer that process to the iodine method. 

Schneegans and Gerock (Pharm. Centralb., 1892, 33, 40) recom- 
mend the following as a satisfactory method of detecting free sali- 
cylic acid in such substances as artificial oil of wintergreen. One 
volume of the oil is shaken with 500 volumes of water, and to 100 c.c. 
of the liquid is added 1 c.c. of avery dilute solution of ferric chloride. 
If, on the addition of § c.c. of chloroform, the violet colour formed dis- 
appears, free salicylic acid is absent; but if it persists, the acid is pres- 
ent. This reaction is said to be reliable to the extent of 0.02 mg. in 
1 grm. of the oil. 

Gibbs (Joc. cit.) estimates free salicylic acid in oil of gaultheria by 
shaking 5 to 20 c.c. with water and titrating the aqueous solution with 
N/s50 sodium hydrogen carbonate solution, using Congo-red as 
indicator. 

Benzyl salicylate, Cs5H,(OH).COO(C,H,), is obtained by heat- 
ing benzyl chloride with a metallic salicylate to 130°-r40°. It ‘is a 
liquid without odour, b. p. 208°, and has been suggested as an external 
remedy. 

Phenyl Salicylate, Salol, CsH,(OH).CO.O.CsH,.—This sub- 
stance is now manufactured by heating the product of the action 
of carbon dioxide on sodium phenoxide with phosphorus oxychloride or 
pentachloride, when phenyl salicylate and metaphosphate and sodium 
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chloride result. Phosgene (carbonyl chloride) may be substituted for 
phosphorus pentachloride (J. Soc. Chem. Ind., 1886, 5, 677). 

Phenyl salicylate crystallises in rhombic prisms, m. p. 42° to 43°. 
It usually occurs as a white crystalline powder of very faint aromatic 
odour, but the dilute alcoholic solution has a smell resembling that of 
wintergreen oil, probably owing to the formation of traces of ethyl 
salicylate. It is almost tasteless, and nearly insoluble in water, but 
dissolves in alcohol, ether, chloroform, light petroleum, and liquefied 
carbolic acid. 

The alcoholic solution of salol is coloured violet by ferric chloride, 
whilst bromine gives a precipitate in the form of long needles, consist- 
ing of a bromo derivative,’ crystallising from alcohol in silky needles 
which melt at 98.5°. When boiled with sodium hydroxide, salol is 
readily saponified, and the solution when acidified with hydrochloric 
acid gives an odour of phenol and a copious precipitate of salicylic acid, 
which after filtration and washing with cold water gives with hot 
water a solution rendered violet by ferric chloride. 

Salol should not redden moistened litmus-paper; and when shaken 
with 50 parts of water should yield a filtrate which is not rendered 
violet on addition of 1 drop of ferric chloride nor give any immediate 
turbidity on adding silver nitrate or barium chloride. 

Salol is employed in medicine as a substitute for metallic salicylates 
and wintergreen oil. Being insoluble, it passes unchanged through 
the stomach, but in the duodenum is decomposed into phenol and 
salicylic acid, and these products can be detected in the urine, which is 
usually very dark in colour. As an antipyretic, antiseptic, and anti- 
rheumatic, salol possesses properties of value. When applied ex- 
ternally it has no corrosive action, and its lower m. p. gives it some 
advantages over salicylic acid. 

Salol is sometimes employed in skin and nasal diseases as a sub- 
stitute for iodoform. When melted with camphor (65:84) it forms a 
permanent liquid, suitable for this purpose. 

A 5% solution of salol in weak alcohol, flavoured in various ways, is 
employed for mouth-washes, dentifrices, toilet-powders, etc. 

Estimation.—For the estimation of salol Squire and Caines 
(Pharm. J., 1905, [iv], 20, 720) recommend the following process: 0. 5 


1 The formula of this derivative is given by some authorities as CisH9OsBr, but seeing 
that salicylic acid and phenol are both converted by excess of bromine into the compound 
CsH2OBri, the alleged composition appears highly improbable. Tribromophenol has 
m, p. 96°. : 

Von, TII.—32 
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grm. of the sample is weighed into a flask, treated with 5 c.c. of N- 
sodium hydroxide solution and 10 c.c. of water, and the ester saponified 
by heating on a water-bath. The excess of alkali is determined by 
titration with N/10 sulphuric acid. A blank experiment is made by. 
treating 5 c.c. of the N-sodium hydroxide solution in the same way and 
titrating with the same acid. The difference in volume of acid re- 
quired in the 2 cases is calculated into salol, 1 c.c. of N/to acid 
representing 0.021408 grm. of the latter substance. The liberated 
phenol has no effect on the titration if phenolphthalein is used as 
indicator. 

Telle’s method (page 482) for the estimation of salicylic acid may 
be applied to salol after saponification with boiling aqueous sodium 
hydroxide. 1 molecule of salol requires 5 molecules of bromine. 
For the estimation in surgical dressings, the latter are extracted with 
alcohol (J. Pharm. Chim., 1901, [vi], 14, 289). 

Beythien and Atenstadt (Zeztsch. Nahr. Genussm., 1907, 14, 392) 
have described a method of estimating salicylic acid, menthol, phenol, 
salol, and menthyl salicylate in mouth-washes, etc. This depends 
on the extraction of the salicylic acid with sodium hydrogen carbonate, 
and then the phenol with sodium hydroxide solution. The undis- 
solved mixture of menthol, menthyl salicylate, and salol, is saponified, 
the total menthol separated by its insolubility in alkalis and the sali- 
cylic acid and phenol estimated in the alkaline aqueous liquid. 

Chlorsalol, or chlorophenyl salicylate, C;H,(OH).COO- 

-(C6H,Cl), exists in 2 modifications. o-Chlorophenyl salicylate forms 
colourless crystals melting at 55° and has been used in surgery as an 
antiseptic. The p-modification melts at 72°, is insoluble in water, but 
soluble in alcohol, and in doses of 4 to 6 grm. daily has been used in- 
ternally as a substitute for salol. 

A substance analogous to salol may be obtained by substituting 
resorcinol for phenol. By heating a mixture of sodium salicylate 
and cresylate with phosphorus oxychloride, the salicylate corresponding 
to o-, m-, or p-cresol is obtained according to the modification of 
cresol employed. The products are termed ‘“‘Cresalols,” and have 
been employed as dusting powders and substitutes for salol. 

Alphol and betol (or Salinaphthol) are the commercial names 
of compounds obtained by the action of sodium salicylate on a- and 
-naphthol, respectively, in the presence of phosphorus oxychloride. 
Betol, which is the preferable isomeride, is used as an intestinal antiseptic 
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in cases of ague and articular rheumatism. It is tasteless and odour- 
less, with a m. p. of g5°. It is almost insoluble in water, but dissolves 
readily in boiling alcohol and ether. 

According to Dragendorff (Arch. Pharm., 1895, 233, 612), the sul- 
phuric acid solution of betol, when treated with a crystal of chloral 
hydrate gives an orange colour which changes to reddish-violet and 
then to red with a green fluorescence (distinction from alphol). 


ANHYDRIDES OF SALICYLIC ACID. 
Salicylic Anhydride or Di-salicylic Acid, 
Of@-HieO-AT:, 
results from the action of phosphorus oxychloride on sodium salicylate, 
and is also formed by the prolonged heating of salicylic acid with 
acetyl chloride. It is amorphous, soluble without decomposition in 
cold sodium carbonate solution, but converted into salicylic acid by 
boiling with alkali hydroxides. It gives no colouration with ferric 
chloride. 
; On Cele COn Ceu7c® 
Salicylide; Tetrasalicylide, | La 
GOO, COC. 
This substance, m. p. 260°, is formed, together with a polymeride, 
m. p. 325°, when a solution of salicylic acid in xylene is treated with 
phosphorus oxychloride. The 2 compounds are separated by boiling 
chloroform, with which the salicylide forms a compound of the formula 
(C,H,O,)4,2CHCl,, which crystallises in fine quadratic octahedra 
containing 33% of loosely combined chloroform. It has been utilised 
for the preparation of pure chloroform (Anschiitz, Annalen, 1893, 273, 
94). A similar compound can be obtained from o-cresotic acid. 
Disalicylide, (Cs6H,CO.)., has been described by Einhorn and 
Pfeiffer (Ber., 1901, 34, 2951). 


HYDROXY-BENZALDEHYDES, C,H,0.. 
o-Hydroxy-benzaldehyde, CsH,(OH)*. (CHO)’, originally known 
as salicylous or spiroylous acid, is the aldehyde of salicylic acid, to which 
it bears the same relation as ordinary aldehyde does to acetic acid. It 
occurs in the essential oils of the different varieties of Spirwa, and like- 
wise in the oil of Crepis fatida. Salicylic aldehyde is also obtained by 


the oxidation of its alcohol, saligenol,t or of those glucosides which 


1 SALIGENOL, saligenin, or ortho-hydroxy-benzyl alcohol, CsHs4(OH) .CH20H, is described 
at length under “‘Salicin,’’ Vol. 7. 
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yield that substance on hydrolysis, such as salicin and populin. For the 
method of synthesis, see Tiemann and Reimer (Ber., 1876, 9, 824). 

When prepared synthetically, salicylic aldehyde is usually contami- 
nated with the corresponding p-aldehyde, from which, however, it is 
easily separated by distillation in a current of steam, in which the 
o-compound is easily volatile, whereas the p-substance is not. 

Salicylic aldehyde is a colourless oily liquid, of pleasant aromatic 
odour, resembling that of oil of meadowsweet (Spirea ulmaria). It 
has a sp. gr. of 1.1731 at 13.5°, and b. p. 196.5°. It is fairly soluble in 
water, easily so in alcohol and ether, and is readily extracted from its 
aqueous solutions by the last-named solvent. Salicylic aldehyde com- 
bines with hydrogen sulphites of the alkalis to form crystalline com- 
pounds, decomposed by dilute acids with the re-formation of the alde- 
hyde. On oxidation salicylic aldehyde yields salicylic acid, and 
like the latter substance, its aqueous solutions yield a deep violet 
colour with ferric chloride. Like all o-hydroxy-aldehydes, it colours 
the skin a deep yellow. Its acid characters are so pronounced that 
it dissolves in solutions of alkali hydroxides to form crystalline com- 
pounds, and even decomposes carbonates. 

Towards phenolphthalein and Poirrier’s blue it reacts as a mono- 
basic acid. In doses of 0.1 to 0.5 grm. salicylic aldehyde has been 
employed as an internal antiseptic and diuretic. 

p-Hydroxy-benzaldehyde, C>H,(OH):.(CHO)4, is isomeric 
with salicylic aldehyde. Its methyl ether is the well-known anise 
aldehyde, or p-methoxy-benzaldehyde, (CH,O)'.C.6H,.(CHO)4, 
which is known in commerce as “‘aubépine”’ or ‘‘artificial hawthorn.” 
It forms the basis of many perfumes, especially of that known as 
‘“‘new-mown hay.” It results from the oxidation of several essential 
oils, such as aniseed and fennel, which contain anethole, and exists 
therein in greater or less quantity according to the age of the oils. 
Anisaldehyde can also be prepared synthetically. It is an aromatic 
oil of sp. gr. 1.123 at 18° and b. p. 248°. On oxidation it yields 
anisic acid (page 507). 


DERIVATIVES OF SALICYLIC ACID. 


In addition to its salts, esters, etc., already described, the derivatives 
of salicylic acid described in the following tables are of practical in- 
terest. Their chief applications are as antiseptics and anti-rheumatics. 
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Salicyl-sulphonic Acid, CsH,(SO,H)(OH). COOH.—This com 
pound, sometimes termed sulpho-salicylic acid, is prepared by 
heating salicylic acid with twice its weight of sulphuric anhydride at 
too, until dissolved. On cooling and standing, brownish crystals 
of the sulphonic acid separate, and may be purified by crystallisation 
from boiling water. 

Sulphosalicylic acid forms long, thin needles, m. p. 120°, which 
are very soluble in water. They are coloured a deep reddish-violet 
by ferric chloride. On fusing sulphosalicylic acid with potassium 
hydroxide, phenol and salicylic acid are produced, without any di- 
hydroxybenzene being formed. 

Sulphosalicylic acid is a delicate reagent for albumin and is a useful 
precipitant of all varieties of proteids in urine." 

Sodium sulphosalicylate, C~-H,(OH).(COOH).SO,Na, is ob- 
tained by partially neutralising sulphosalicylic acid with sodium 
carbonate, so as to saturate the sulphonic group only. It is a readily 
soluble salt, which has found application as an internal antiseptic. 
It is stated to possess all the advantages of salol, without having the 
tendency of the latter to liberate free phenol in the system. 

Acetyl-salicylic acid is sold commercially under the name ‘‘as- 
pirin.” It is prepared by heating salicylic acid with acetyl chloride 
or acetic anhydride, and recrystallising the product. The m. p. 
usually given is 135°, but the present writer has observed 136 to 137°. 

When the pure acid is shaken with water and the liquid filtered 
the filtrate gives no colouration with ferric chloride, but if heated with 
water it is partly hydrolysed and the solution then gives the violet 
colour characteristic of salicylic acid. 

It is used medicinally instead of salicylic acid, over which it is said 
to have some advantages. 

Estimation.—Acetyl-salicylic acid reacts towards cold potassium 
hydroxide solution as a monobasic acid, when phenolphthalein is 
used as indicator. Since x grm. requires 55.54 c.c. of decinormal 
alkali, whilst the same weight of salicylic acid requires 72.44 c.c., 
every 1% of the latter acid present as impurity raises the volume of 
_ alkali required to neutralise 1 grm. 0. 169 c.c. above the former figure 
Pela: tated chen chtubiairy on eolunl repeater io tee eee 
present. The precipitate produced by albumins and globulins is not affected by heat 
whereas that due to albumoses and peptones dissolves, reappearing as the liquid cools. 
No normal or abnormal constituent of urine other than proteids is precipitated by the re- 


agent, but these are very completely separated. 1 part of egg albumin in f 
can be detected by the test (Roch, Pharm. Centr., 1889, 30, 549). pare ge 
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(55-54). If the neutralised liquid is boiled for a few minutes with 
excess of the decinormal alkali, an equal volume to that used for 
neutralisation will be absorbed if the substance is pure, whilst if 
salicylic acid is present a lesser volume will be required. 

The titration is best effected as follows: 1 grm. of the sample is 
weighed into a 200 c.c. flask, dissolved in a small quantity of alcohol, 
a drop of phenolphthalein solution added, and titrated as quickly 
as possible with N/1o potassium hydroxide solution, the volume 
required being noted. To the liquid a volume of N/10 alkali 
about 5 c.c. in excess of that already used, is added, the solution boiled 
for 5 minutes, and the excess of alkali titrated with N/10 acid. The 
total volume of N/ 10 alkali required will be double that used in the cold 
neutralisation if the sample is free from salicylic or any other acid. 
If the sole impurity is salicylic acid, every 1% present will depress 
the total volume of alkali absorbed by 1 grm., 0. 38 c.c. below 111.08 
c.c., the volume required by the pure acid. 1 c.c. of cold N/10 potas- 
sium hydroxide solution neutralises 0.0180064 grm. whilst the same 
volume of the boiling alkali reacts with 0.0090032 grm. of acetyl- 
salicylic acid. 

Since cold potassium hydroxide solution slowly hydrolyses acetyl- 
salicylic acid, the cold titration must be effected quickly or erroneous 
results will be obtained. 

Phenyl acetylsalicylate, obtained by acetylating salol has been 
introduced commercially under the name “vesipyrin” (Zernik, 
Apoth. Zeit., 1907, 22, 152). It is a white, almost tasteless powder, 
m. p. 97°, insoluble in water, but readily soluble in alcohol and ether. 
The alcoholic solution gives no colouration with ferric chloride. It is 
easily saponified with boiling aqueous alkalis. 


HOMOLOGUES OF SALICYLIC ACID. 


A large number of acids are known of the empirical formula 
CsHg0,. Thus: 


(A.) Phenyl-glycollic acids. Mandelic acid. .C6H;.CH < te 
(B.) aver yanethyi-benzolc ACICS eee oes CoH, < OH Oe 
(C.) Methoxy-benzoic acids (e. g., anisic acid) CeH, < OciL 
(D.) Hydroxy-phenylacetic acids ............ CoH, < arisen 
CO.H 


(E.) Hydroxy-toluic acids (e. g., cresotic acids) CeH;Me < OH 
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10 chemical modifications of hydroxy-toluic acid exist, and 3 each 
(ortho-, meta-, and para-) of hydroxy-phenylacetic, methoxy-benzoic, 
and hydroxy-methylbenzoic acids are known. The hydroxy-phenyl- 
acetic acids are analogues of hydracrylic acid, whilst mandelic acid 
corresponds to ordinary lactic acid. 

The hydroxy-methylbenzoic acids are alcohols, whereas the hydroxy- 
phenylacetic and hydroxytoluic acids have a phenolic constitution. 

Mandelic acid, CsH,.CH(OH).COOH, contains an asymmetric 
carbon atom, and hence, like lactic acid, occurs in ik sterioisomeric 
forms, 2 of which exhibit optical activity in opposite directions ((@],= 
158° at 20°), whilst the third or racemic variety is obtainable by 
mixing the 2 optically active isomerides in equal proportions. 

Inactive mandelic acid crystallises in orthorhombic prisms, m. p. 
118°, readily soluble (16: 100) in cold water, alcohol, and ether. On 
oxidation by nitric acid, mandelic acid first yields benzoylformic and 
ultimately benzoic acid. . 

The optically-active mandelic acids behave like the inactive 
acid with reagents, but melt at 133°. The levo-rotatory modification 
occurs naturally, and may be obtained by digesting amygdalin with 
fuming hydrochloric acid for some hours at 100°. Fermentation of 
the ammonium salt of the inactive acid with Penicillium glaucum 
destroys the levo-acid and leaves the dextro-modification; whereas 
schizomycetes destroy the dextro-acid and leave the levo-rotatory 
modification. The 2 active modifications can be prepared from the 
inactive acid by converting it into a cinchonine salt and adding a 
crystal of cinchonine dextro-mandelate, when the salt of the dextro- 
acid crystallises out, leaving that of the levo-acid in solution. 

Hydroxymethyl-benzoic Acids, C.H,(CH,OH).COOH.—The 
ortho-modification melts at 120° (with simultaneous conversion 
"into the anhydride, “‘phthalide’’), the meta- at 180°, and the para- 
acid at 181°. 

o-Hydroxymethyl-benzoic acid is obtained by the action of alka- 
lies on its anhydride, phthalide. On acidifying the solution the acid 
is precipitated as a powder slightly soluble in cold water but readily 
in alcohol. When heated to its m. p., the acid is converted into its 
anhydride, which is also formed by simply boiling the acid with water. 


o-Hydroxymethyl-benzoic Anhydride, or Phihalide,C.H ene yo. 


—This compound is formed as stated above, and may be obtained by 
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a variety of synthetic reactions (Wislicenus, Ber., 1884, 1'7, 2181). It 
crystallises from boiling water in needles which have an odour like 
that of cinnamon. Phthalide has m. p. 73° and b. p. 290°. It does 
not combine with hydrogen sulphites nor reduce ammonio-silver 
nitrate, and it yields no compound with hydroxylamine. Phthalide 
is oxidised to phthalic acid by treatment with alkaline permanganate. 
It is reduced to o0-toluic acid by heating with hydriodic acid and phos- 
phorus, and yields o-toluic acid and a little o-xylene when heated with 
zinc dust. 

Methoxybenzoic Acids, C6H,(OCH,). COOH. — The 3 modifi- 
cations of this compound have the following characters: 


COOH:OCH,;| M.p.,° Bepsye Crystalline form 


Ortho-acid. Methy]- Tae) CSS cmmn Aen cree Monoclinic tablets 
salicylic acid. and prisms. 

Meta-acid......... I 3 nioyhD), ” |leeneee terete White needles. 

Para-acid. Anisic I 4 184° 275°-280° | Monoclinic prisms 


acid. or needles. 


o-Methoxybenzoic acid or methyl-salicylic acid is isomeric with 
methyl salicylate. It crystallises from hot water in large monoclinic 
tablets, and from alcohol in prisms, m. p. 98.5°, and decomposing above 
200° into anisole, C6H,.OCH,, and carbon dioxide. When heated 
with concentrated hydrochloric or hydriodic acid, methyl-salicylic acid 
yields salicylic acid and methyl] chloride or iodide. 

Methyl-salicylic acid gives no violet colouration with ferric chloride. 

Anisic acid, C-H,(OCH,). COOH, has the constitution of p-methoxy- 
benzoic acid. It was first obtained in 1839 by the oxidation of anise 
oil, and subsequently by similar treatment from the oils of tarragon, 
fennel, star-anise, etc., all of which contain anethole or anise-camphor, 
C,H,(OCH;)C;H;, which yields anisic acid on oxidation. 

Anisic acid may also be prepared by several synthetical reactions. 

Anisic acid forms long monoclinic needles or prisms, m. p. 184°, 
b. p. 280°. It is soluble in about 2,500 parts of cold water, tolerably 
soluble in boiling water and readily in alcohol. 

When heated with hydriodic or concentrated hydrochloric acid, or 
when fused with potassium hydroxide, anisic acid is converted into 
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p-hydroxybenzoic acid. When distilled with baryta, it is decomposed 
into anisole and carbon dioxide. 

The sodium salt and phenyl ester of anisic acid are employed in 
the treatment of neuralgia and rheumatism. 

Hydroxy-phenyl-acetic Acids, C»H,(OH).CH,.COOH.— 
The ortho-modification melts at 144°-145°, the meta- at 129°, and 
the para- at 148°. The last-named has been found in urine, and is 
formed in the putrefaction of albumin and synalbin. All 3 isomer- 
ides give a violet colouration with ferric chloride. When heated with 
lime they yield carbon dioxide and the corresponding isomeride of 
cresol, CoH,(OH). CH. 

Hydroxy-toluic Acids.—1o0 modifications of hydroxy-toluic acid 
are possible and all have been prepared. The following arrangement 
shows the m. p. of these isomerides. Thus the acid having the COOH, 
OH, and CH, groups in the positions 1: 2:3 melts at 163°, whilst when 
the methyl group occupies the para-position, the other groups remain- 
ing as before, the compound melts at 177°. 


Ortho-derivatives Meta-derivatives Para-derivatives 
COOH COOH COOH 
AAG HO eu ean ae (177°) (Nr 
T51°\ 163° a1o°\/OH (173°) alee 
Whe 207° OH 


Those hydroxy-toluic acids which have the hydroxyl group in the 
ortho-position (1:2) in reference to carboxyl are true homologues of 
salicylic acid, and are known as homosalicylic or cresotic acids.!| They 
give a violet colouration with ferric chloride, dissolve with facility in 
cold chloroform, and volatilise readily in a current of steam. The 
cresotic acids are liable to occur as objectionable impurities in commer- 
cial salicylic acid (see page 472). 

Of the 4 acids having the carboxyl and hydroxyl groups in the meta- 
position (1:3) relatively to each other, 3 give pale brown precipitates 
with ferric chloride, soluble more or less readily in excess of the reagent 
to dark brown solutions. The 1:3:4 acid gives no reaction with 
ferric chloride. The meta acids are not attacked by heating with 
concentrated hydrochloric acid at about 200°, but yield cresols when 
Bee eeaat postions th the methvl gwen tolewieraidh tha uy ee vee eee 


in the order named. Such a plan materially alters the nomenclature of the acids d fai 
to exhibit the analogy of properties and reactions set forth in the text. sm 
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heated with lime. They are volatile with difficulty or not at all 
(m+: 3:5 acid) in a current of steam. 

The 2 homologues of p-hydroxybenzoic acid crystallise in small 
needles containing 1/2H,O, which become anhydrous at 100°. They 
volatilise more or less in a current of steam, but give no reaction with 
ferric chloride and are not soluble in cold chloroform. 

The table on the following page exhibits the leading characters of 
the isomeric hydroxy-toluic acids: 

Cresotic acid, C5H,(CH,)(OH).COOH, may be prepared from 
cresol by Kolbe’s method for the manufacture of salicylic acid from 
phenol, the modification of cresotic acid obtained depending on the 
isomeride of cresol employed for the process. It is to the presence 
of cresols in the carbolic acid employed in Kolbe’s process that the 
contamination of commercial salicylic acid by the isomeric cresotic 
acids is due (page 472). The 3 isomerides of cresotic acid present a 
close resemblance to salicylic acid and to each other, but differ in their 
m. p., therapeutic action and the modification of the cresol yielded on 
heating under pressure with hydrochloric acid or distillation with lime. 

According to M. Charteris (Pharm. J., 1890, [iii], 21, 436), m-cresotic 
acid is devoid of physiological action, but both the o- and p-modifica- 
tions possess marked toxic properties. Charteris found p-cresotic acid 
to produce marked paralytic symptoms in rabbits when injected 
hypodermically, the effect becoming more marked when the poison 
was given in conjunction with salicylic acid, 10 grains of the mixture 
causing convulsions and death. 

The foregoing conclusions of Charteris have had grave doubt 
thrown on them by the observations of others. Thus Egasse has 
drawn attention to the advantages of p-cresotic acid as an antipyretic. 
Demme regards it as inferior to salicylic acid as an antipyretic, but free 
from some of the objections to the latter, being better tolerated by the 
digestive organs. Demme considers #-cresotic acid the most effectual 
and least objectionable of the 3 isomerides. m-Cresotic acid he regards 
as less active, whilst o-cresotic acid possesses decided toxic properties, 
causing paralysis of the cardiac muscle. According to Demme, also, 
the observed ill effects are attributable to the presence of o-cresotic acid 
in the preparations used. Sodium -cresotate may be taken to the 
extent of 3 to 4 grm. without any ill effect resulting. It did not 
influence the temperature or occasion gastric disturbance (Bull. Therap., 
1892, 122, 85; abst. Pharm. J., 1892, [ili], 22, 694). 
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A solution of cresotic acid has received application as a beating 
liquid in tanneries. It is stated to have the advantage over other 
acids of exerting an antiseptic action on the skins, and so preserving 
instead of destroying them (J. Hauff, J. Soc. Chem. Ind., 1889, 8, 974). 
As it rapidly and easily dissolves the lime salts, it softens and swells 
the hides in a very satisfactory manner. 
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By the substitution of 2 hydroxyl-groups for 2 of the remaining 
hydrogen atoms of the benzene-nucleus in benzoic acid, a series of 
dihydroxyphenyl-carboxylic or dihydroxy benzoic acids are obtained, 
of which protocatechuic acid is the type. 

The dihydroxybenzoic acids may be obtained (among other reactions) 
by heating the corresponding dihydroxybenzenes (hydroxyphenols) 
with solutions of alkali carbonates, the reaction occurring with much 
greater facility than the formation of salicylic acid by Kolbe’s process 
(page 470). By further heating, the dihydroxybenzoic acids split up 
into the corresponding hydroxyphenols and carbon dioxide. 


ISOMERIC DIHYDROXYBENZOIC ACIDS. Cs6H;(OH).(OH).COOH. 


COOH Colour 
: with Phenolic 
Acid OH Mepe.5 ferric product,‘on 
: chlo- | heating. 
OF ride | 
| } : 
o-hydroxyphenyl- Protocatechuic. I:3:4] 194°195° | Green. | Catechol. 
carboxylic acids patechol-carp: Dias 204° Blue. | Catechol. 
oxylic. | 
&-Resorcylic I$3:5]| 222 (233) | No colour. Resorcinol. 
-Resorcylic. Dasa 213 Dark-red. | : 
m-hydroxyphenyl- 7-Resorcylic, TG Eos) 148 Violet; | Resorcinol. 
carboxylic acids ... (decomp.)| blue | Resorcinol. 
| with | 
excess. 
p-hydroxyphenyl- | ; 
carboxylic acid..... Gentisinic, or | 1:2:5 200 | Blue. Quinol. 
hydroxysali- | | 
cylic. | | 


Protocatechuic acid. Ortho-dihydroxybenzoic acid. 
(?)COOH 
€7H.6O;; 4. é., CsH,;—G)OH 
@0H 
Protocatechuic acid occurs naturally in the fruit of J/licium religi- 
osum. It results from the fusion of various organic substances with 
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alkali hydroxides. Catechin and maclurin by similar treatment yield 
phloro-glucinol. Many resins give p-hydroxybenzoic acid in addition, 
whilst gum benzoin gives protocatechuic and benzoic acids. The 
largest yield of protocatechuic acid is stated to be obtainable from gum 
kino (Annalen, 1875, 177, 188). It may be prepared synthetically by 
heating catechol to 130° with a solution of sodium or ammonium car- 
bonate. On dry distillation or when heated to 330° to 350° with 
potassium or sodium hydroxide, the reverse action occurs, the proto- 
catechuic acid splitting up into catechol and carbon dioxide. 

Protocatechuic acid forms thin monoclinic prisms or tufts of needles 
containing one molecule of water, which is lost at 100°. It melts when 
quite anhydrous at 194° to 195°! and at a higher temperature is re- 
solved into carbon dioxide and catechol, CsH,(OH).,. Protocatechuic 
acid dissolves in 53 parts of cold water, and in 3.5 parts at 80°. It is 
very soluble in alcohol, less so in ether, and almost insoluble in benzene, 
even when boiling. It is extracted from its aqueous solution by agita- 
tion with ether or light petroleum. 

Reactions.—An aqueous solution of protocatechuic acid is coloured 
an intense bluish-green by ferric chloride (avoiding excess), the colour 
being changed to blue and afterwards to dark red on adding a very 
dilute solution of sodium carbonate. A neutral solution of a pro- 
tocatechuate gives a violet colouration with ferrous sulphate. 

Protocatechuic acid gives a white precipitate with lead acetate, 
and reduces ammonio-nitrate of silver when heated, but has no effect 
on Fehling’s solution. 

On boiling protocatechuic acid with aqueous arsenic acid it yields 
diprotocatechuic acid, C,,H,.O,, a substance closely resembling digallic 
acid (tannin), but giving a green colouration with ferric chloride. 

The salts of protocatechuic acid are unimportant, but the esters, 
vanillic acid, piperonylic acid, and veratric acid have some interest 
(page 513). 

Estimation.—Imbert stated (Compt. Rend., 1900, 130, 37) that 
protocatechuic acid is monobasic towards phenolphthalein. Ac- 
cording to Massol, however, the acid requires 1.5 molecules for neu- 
tralisation (Bull. Soc. chim., 1900, [iii], 23, 331). But the acid used 
by the latter author was yellow, and had m. p. 199° (instead of 194- 
195°), and Imbert, on repeating his experiments, confirmed his original 


; 1 This seems to be the correct m. p., but Hlasiwetz gives 199° and Schmidt and Barth 
give 194°. 
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statement (Bull. Soc. chim., 1900, [iii], 23, 832). The end-point is 
somewhat obscure. Towards Poirrier’s blue protocatechuic acid is 
dibasic. 

Homologues of Protocatechuic Acid.—Besides the important 
class of tannins giving green colourations with ferric salts (Vol. 5), 
the following homologues and derivatives of protocatechuic acid have 
a practical interest: 


Colouration 
Name Formula M. p.,°| with ferric 
chloride 
| / 1CO.0OH | 
Orsellinic acid. Dihydroxy-0o- | C6H,(CH;)——2OH 176 Violet. 
toluic acid. 4OH | 
'CH,.CO.OH | | 
a-Homoprotocatechuic acid...... C6H;——30H ey Green 
40H 
1CO.OH 
tso-Vanillic acid. p-Methylpro-| Ce6H;—30H | 250 Yellow. 
tocatechuic acid. 40.CH, | 
1CO.OH 
Vanillic acid. m-Methylproto-| CsH,—30.CH, 207 No colour. 
catechuic acid. \ 40H 
1CH.O 
Vanillin. m-Methylprotocate-| C6H,—30.CH, 80°-81°| Blue. 
chuic aldehyde. \ 40H 
tCO.OH 
Piperonylic acid. Methylene-| CsH3;——30O } CH 228 
protocatechuic acid. \ 40 ; 
1CH.O 
Piperonal. Methylene-proto-| C6H,—-—30 } CH 37 
catechuic aldehyde. \ 40 i | 
1CO.OH 
Veratric acid. Dimethylproto-| Cs6H;——30.CH, 179 Yellow. 
catechuic acid. \40.CH, 
CHO 
TASS 
Vanillin.= C.H.O.; 7.-é., | | 
Aw pees 
OH 


Vanillin is the aldehyde of vanillic or methylprotocatechuic acid. 
It is the chief odouriferous principle of vanilla pods or vaniloes, the 
fruit of Vanilla planifolia, from which it was isolated in 1858. It also 
occurs in traces in cloves, beetroot, Siam benzoin, asafcetida, and as- 

Vor. I1I.—33 
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paragus, whilst its presence in the wood of certain trees has been fre- 
quently noted. (See Von Lippmann, Ber., 1904, 37, 4521.) 

Vanilla is the fruit or pod of Vanilla planifolia, var. aromatica, an 
orchid grown in Mexico, Bourbon, the Seychelles, Fiji, etc. Its culti- 
vation has become to a certain extent restricted since vanillin has been 
produced artificially; but the superior aroma and flavour of the natural 
product prevent the artificial vanillin from wholly superseding it." 

W. Busse (Arb. Kaiserl. Ges., 1898, 15, 1) found 2.16% of vanillin in 
German East African vanilla; 1.48% in Ceylon pods; and 1.55 and 
2.02% in Tahitivanilla. Tiemann and Haarmann (Ber., 1875, 8, 1115) 
found in the best Mexican pods 1.69 and 1.86 of vanillin; in Bourbon, 
1.91 to 2.90; and in Java pods 2.75% of vanillin. 

Busse holds that there is no relation between the proportion of 
vanillin contained in the fruit and the value of the sample for flavouring 
purposes, and that the aroma and flavour of vanilla are not wholly due 
to vanillin. Tiemann and Haarmann found that on distilling the 
ethereal extract of vanilla, from which the vanillin has been removed 
by sodium «hydrogen sulphite, an oily substance of very offensive 
odour remained. Much less was obtained from Mexican vanilla than 
from Java or Bourbon pods. 

In the variety of West Indian vanilla called vanillone the vanillin 
(from 0.4 to 0.7%) is associated with another substance, which is 
probably benzaldehyde. Vanillone has long been used for preparing 
“fessence of heliotrope,”’ but this is now made by adding a small 
quantity of benzaldehyde (artificial) to artificial vanillin, when, after 
some time, the mixture acquires the exact odour of the natural white 
heliotrope. 

Some varieties of vanilla contain vanillic acid, which was apparently 
mistaken for benzoic acid by the earlier investigators. 

Inferior or exhausted vanilla is occasionally dusted over with crystals 
of benzoic acid, which gives it the frosted appearance regarded as 
characteristic of vanilla of good quality. If a little of the crystalline 
matter be added to an alcoholic solution of phloroglucinol previously 
mixed with an equal volume of hydrochloric acid, a magnificent red 
colour is produced in presence of vanillin. 


1 The substance to which the odour of vanilla is due does not appear to exist in the fruit 
when gathered, but is developed during the “‘curing’’ operation by a process of fermenta- 
tion (compare Lecomte, Comp. rend., 1901, 133, 745). The greater part of the vanillin is 
contained in the fruit in the form of a glucoside, from which free vanillin can be obtained 
by the action of emulsin or dilute acids. 
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Vanillin is now produced artificially on a considerable scale, by a 
variety of methods, some of which have proved very lucrative." 

Practically the whole of the artificial vanillin of commerce is now 
made from eugenol, a phenol contained in oil of cloves and oil of cinna- 
mon leaves, by acetylating it with acetic anhydride and oxidising the 
acetate with potassium permanganate and sulphuric acid (Bertram 
D. R. P. 63007; Sommer D. R. P. 122851; Schering D. R. P. 82816;etc.). 

Vanillin crystallises in stellate groups of colourless needles, melts at 
80° to 81°, and sublimes when cautiously heated. It has a pleasant 
aromatic taste and odour resembling vanilla. Vanillin dissolves spar- 
ingly in cold water, more freely in hot, and readily in alcohol and ether. 

Commercial vanillin is not infrequently adulterated to a consider- 
able extent (e. g., 50%) with acetanilide (antifebrin), an addition 
which lowers the m. p. of the sample. ‘The admixture may be detected 
by heating the substance to 60° with a 5% solution of sodium hydroxide 
when aniline is formed and may be detected by the usual tests. A 
quantitative separation of vanillin and acetanilide may be effected by 
dissolving the mixture in ether and shaking the liquid with a concen- 
trated aqueous solution of sodium hydrogen sulphite, which dissolves 
the vanillin only. The amount of acetanilide present in vanillin may 
also be deduced from the nitrogen in the sample (L. F. Kebler, Amer. 
J. Pharm., 1902, '74, 12). 

Sugar is occasionally met with as an adulterant of vanillin. It 
may be detected by its insolubility in ether or chloroform. 

In America, vanillin is sometimes adulterated with benzoic acid, 
and occasionally that acid simply flavoured with vanillin has been sub- 
stituted for the latter substance. The 2 substances may be separated 
by dissolving the sample in ether and shaking the liquid with sodium 
hydrogen sulphite solution, which will remove the vanillin, leaving the 
benzoic acid dissolved in the ether. 

Kebler has met with vanillin adulterated with or substituted by 
acetyl-iso-eugenol, the direct antecedent of vanillin in its synthetic 
production from iso-eugenol. One adulterated sample contained only 
a little vanillin, added to give the characteristic odour. Acetyl-iso- 
eugenol melts at 79° to 80°, and vanillin at 80° to 81°. The adulterant 
was detected by its crystalline form, abnormal solubility in various 
solvents, and by the presence of the acetyl-group. Strong sulphuric 


1 In 1876, the price of vanillin was fully £10 per ounce. At present it may be bought for 
3s. or less. 
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acid gave a beautiful red colour, whereas a lemon-yellow colour is 
yielded by pure vanillin. The amount of vanillin was estimated by 
the Hess and Prescott method (page 519). 

Reactions.—Vanillin has the constitution and characters of an 
aromatic aldehyde. It forms well-defined sulphite compounds, 
reduces ammoniacal silver solution, and responds to other general 
reactions for aldehydes. Heated with dilute hydrochloric acid (pref- 
erably under pressure to 200°) vanillin is resolved into methyl chloride 
and protocatechuic aldehyde; and when fused with potassium hydrox- 
ide is converted into protocatechuic acid. 

By exposing moist and finely pulverised vanillin to the air it is oxi- 
dised to vanillic or methylprotocatechuic acid, CsHgO,, which crys- 
tallises from ether in white lamine, and gives no colour reaction with 
ferric chloride. 

By reducing vanillin in dilute alcoholic solution with sodium amal- 
gam, vaniilyl alcohol, CsH,(OH)(OCH;),CH,OH, is produced, 
which forms prisms m. p. 115°. Vanillin has an acid reaction and 
forms salts with bases. 

On heating vanillin with hydrochloric acid and phloroglucinol a 
characteristic red colour is produced. 

On rubbing together vanillin, resorcinol, and hydrochloric acid, a 
deep bluish-violet colouration is observed, which vanishes after a time 
(Etti, Monatsh., 1882, 3, 637). A 1% solution of vanillin in hydro- 
chloric acid mixed with an equal volume of sulphuric acid, gives with 
a few drops of a liquid containing even 0.01% of acetone, a violet 
colour on heating at 100° for 1 5 minutes. 

If a little thiophene and concentrated sulphuric acid be added to an 
alcoholic solution of vanillin, the liquid acquires a green to bluish- 
green colouration (A. Ihl, Chem. Zeit., 1890, 14, 1707). 

Besides its agreeable odour, vanillin is characterised by the bluish- 
violet colouration produced in its solution on addition of ferric chloride. 
On heating the liquid, dehydro-divanillin, C,,H,(OH),(COH),- 
(OCH,)., separates in fine white needles, m. p. 304°, and sparingly 
soluble in water, alcohol, ether, chloroform, and benzene, but readily 
soluble in alkalis (Tiemann, Ber., 1885, 18, 3493). 

A. Stocky (Zeitsch. Nahr. Genussm., 1900, 3, 233) isolated vanillin 
from a sample of wine vinegar suspected to contain it, by evapo- 
rating a large volume of the liquid to dryness with calcium carbonate, 
extracting the residue with ether, and evaporating the ethereal solu- 
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tion. After repeatedly crystallising the residue thus obtained from 
alcohol it was identified as vanillin by the formation of a metallic 
mirror with an ammoniacal silver solution, and its reaction with phloro- 
glucinol and hydrochloric acid. 

Estimation.—Vanillin may be extracted from aqueous liquid con- 
taining it by acidifying and agitating with ether. It may then be sepa- 
rated from many substances simultaneously extracted by agitating 
the ethereal solution with a semi-saturated solution of sodium hydro- 
gen sulphite. 

J. Hanus has described a method of estimating vanillin based 
on its conversion into a hydrazone of suitable properties (Zeit. Nahr. 
Genussm., 1900, 3) 531). 

Owing to the instability of p-bromophenyl hydrazine and the in- 
terference of foreign substances (especially fats), however, he has 
abandoned the use of hydrazines in favour of the following process 
(Zeitsch. Nahr. Genussm., 1905, 10, 587): ‘The solution of vanillin 
(approximately 0.25%) is treated with 50% excess of a 2% solution of 
m-nitrobenzoylhydrazide in hot water. The flask containing the 
mixture is closed with a cork and allowed to stand with occasional 
shaking for 24 hours, when the smell of vanillin should have disap- 
peared. Vanillin solutions of the above strength are precipitated im- 
mediately, but more dilute solutions give no cloudiness until after 5 or 
1o minutes. The precipitate is collected on a tared Gooch crucible, 
washed with cold water until the filtrate no longer reduces ammoniacal 
silver nitrate solution, and dried for 2 hours at 100 to 105°. After 10 
minutes heating at this temperature, the precipitate turns brown and 
becomes glassy, but at the end of a further 15 minutes it regains its 
original appearance. The weight of the precipitate multiplied by 
0.4829 gives the weight of vanillin. 

For the estimation in vanilla, 3 grm. of the powdered sample are 
extracted for 3 hours with not more than soc.c. of ether. The extract 
is evaporated at 60°, at which temperature no appreciable amount of » 
vanillin is volatilised, the residue dissolved in a small quantity of ether, 
filtered into a conical flask and the filter washed with ether. The 
filtrate and washings are evaporated, the residue warmed with 50 c.c. 
of water to form an emulsion, and precipitated as described above. 
Before filtration of the precipitate the liquid is shaken with light 
petroleum to dissolve any fat present, and the solid collected in the 
Gooch crucible is washed with the same solvent. The method is inap- 
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plicable in the presence of piperonal or other aldehydes. Hanus 
states that his methods are applicable in all cases where an aqueous 
solution of the vanillin can be prepared, and claims that they have the 
advantage over Welman’s method (titration with alcoholic potassium 
hydroxide) of being unaffected by the presence of vanillic acid. 

A more rapid but less accurate method of estimating vanillin in 
vanilla is as follows: A known weight (20 to 50 grm.) of the pods 
should be ground up with sand, and the mixture extracted with ether. 
The filtered liquid is shaken with a saturated solution of sodium 
hydrogen sulphite, diluted with an equal volume of water, and the 
ethereal layer separated. The sulphite solution is then treated with 
dilute sulphuric acid and the sulphurous acid liberated driven off by 
passing a current of carbon dioxide or steam. The vanillin is then ex- 
tracted from the acid liquid by agitating with ether, which is separated, 
cautiously evaporated, and the residual vanillin weighed. 

Certain species of vanilla contain piperonal as well as vanillin. No 
satisfactory method has hitherto been proposed for the separation of 
these 2 aldehydes, and any process for the estimation of vanillin in 
presence of piperonal must depend on the reactions of the free hydroxyl- 
group present in vanillin but not in piperonal. Certain colour-reac- 
tions fall under this head, e. g., with mercurous nitrate, p-nitrodiazo- 
benzene or ferric salts, but these are hardly applicable for quantitative 
purposes. Hence J. HanuS (Zeitsch. Nahr. Genussm., 1900, 3, 657) 
recommends the following procedure: A volume of liquid, estimated to 
contain from 0.02 to 0.15 grm. of vanillin, is placed in an Erlenmeyer 
flask of 150 c.c. capacity, and 10 c.c. of a 10% solution of platinic 
chloride added. The volume is then made up to 50 c.c. with water 
(with more than 0.06 grm. of vanillin it may be made up to I00 c.c. 
if desired). The flask is then placed in a hot-water oven kept at a 
temperature of 70° to 80° and allowed to remain there for 1 hour. It 
is then removed and allowed to cool for 1 hour longer. The con- 
densation product, consisting of grey needles free from mineral matter, 
is then filtered off in a Gooch crucible containing a layer of asbestos; it 
is washed with cold water, and dried at roo® to 105° to constant weight 
(about 3 hours). The quantity of vanillin, x, is calculated from the 


weight of the product, y, by one of the following formule: « = 2752 


0.97 
y+38.25 . 
ro (for 100 c.c.). The presence of piper- 


onal has very little effect on the estimation of vanillin by the above 
method. 


(for 50 c.c.), or x= 
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A. Moulin ( Bull. Soc. chim., 1903, [iii], 29, 278) has devised a color- 
imetric method for the estimation of vanillin in vanilla, based upon 
the conversion, by nitric acid, of the—CsH,. OCH, group in vanillin 
into methyl picrate. 

The author claims that the method is very delicate, that the results 
agree with those given by the gravimetric methods, and that a difference 
of tint corresponding to 0.005 grm. of vanillin can be readily observed. 

For the separation of vanillin and coumarin, as requisite in the 
analysis of mixed extracts of vanilla and Tonka beans, Hess and 
Prescott (J. Amer. Chem. Soc., 1899, 21, 256) recommend the following 
process: A weight of from 25 to 100 grm. of the extract is evaporated 
at 80°, water being added at intervals to keep the volume of the liquid 
constant until the alcohol has volatilised. Lead acetate is then added 
with agitation as long as a precipitate forms, when the liquid is filtered 
through asbestos and the precipitate washed with a little hot water. 
The cooled filtrate is agitated with ether, and the ethereal layer sepa- 
rated and agitated with dilute ammonia in portions of 2c.c. This 
extracts the vanillin, whilst the coumarin remains dissolved in the ether, 
which is allowed to evaporate spontaneously. The residual coumarin 
is purified by solution in light petroleum and finally weighed. The 
m. p. (67°) and characteristic odour are sufficient for its identification. 
The vanillin may be recovered by slightly acidifying the ammoniacal 
solution with hydrochloric acid, extracting with ether, and evaporating 
cautiously. After purification by solution in boiling light petroleum, 
the product should be pure vanillin, m. p. 80° to 81°. After weighing, 
colour-tests may be applied for the identification of vanillin, bearing in 
mind that phenolic substances giving colourations with ferric salts are 
liable to be present. Chloroform may be advantageously substituted 
for ether in the above process, which Hess and Prescott consider pref- 
erable to the alkali hydrogen sulphite method. 

Winton and Silvermann (J. Amer. Chem. Soc., 1902, 24, 1128) 
recommend the above process, but use a 2% solution of ammonia in- 
stead of 10% as prescribed by Hess and Prescott, and they also prefer 
to weigh the vanillin and coumarin before dissolving in light petroleum. 
Any insoluble matter, which is usually insignificant in amount, may 
afterwards be weighed separately and allowed for if necessary. 6 ex- 
tracts prepared by Winton and Silvermann from different grades of 
vanilla pods by the formula of the United States Pharmacopceia (100 
grm. of pods per litre of extract) had a sp. gr. ranging from 1.0104 to 
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1.0166, and contained vanillin, from 0.06 to 0.22% and cane-sugar, 
about 20%. 

For details of the methods of analysis see Connecticut Agric. Exp. 
Stat. Rep., 1901, 25, 149 (J. Soc. Chem. Ind., 1902, 21, 1300) and Bul, 
107, Bureau of Chem., U. S. Dept. of Agric. Winton and Bailey 
have further modified the process by diluting the sample to 3 times 
its volume and evaporating at 70° to the original bulk, and repeat- 
ing this process in order to expel alcohol’ without losing vanillin. 
The coumarin after isolation is extracted with very light petroleum 
(b. p. 30 to 40°) which leaves undissolved any acetanilide present. 
The latter may be recognised by the usual tests (J. Amer. Chem. Soc., 
1905, 27, 719). 

Ritsert’s tests, adopted by the United States Bureau of Chemistry, are 
asfollows: One to three drops of a solution of chloride of lime (1: 200) 
are added carefully to a portion of the extract in such a manner that the 
two liquids do not mix. The formation of a beautiful blue colour at 
the junction of the two liquids indicates the presence of acetanilide. 

(2) A small drop of potassium permanganate solution, when added 
to a second portion, gives a clear green colour if any appreciable 
amount of acetanilide is present. 

(3) A third portion is mixed with a small drop of a 3% solution 
of chromic acid, Acetanilide gives a yellowish green solution changing 
to dark green after 5 minutes and forming a dark blue precipitate on 
addition of a drop of potassium hydroxide solution. 

These tests are only conclusive when taken in conjunction with 
the m, p. 

Essence of Vanilla.—Under this name, an alcoholic extract of 
vanilla beans is largely employed for flavouring purposes. Much of 
the so-called ‘‘essence,” however, is merely an alcoholic solution of 
artificial vanillin, coloured with caramel (sometimes with an admixture 
of artificial coumarin). Genuine extract of vanilla pods contains a 
resin of dark red or brown colour, soluble in 50% alcohol, but pre- 
cipitated on further dilution. Hence when weaker spirit is used for 
preparing vanilla extract, potassium hydrogen carbonate or other 
alkali is used to effect solution of the resin, but the flavour of the 
preparation is prejudicially affected thereby. Presence of resin, as in- 
dicated by precipitation on dilution with water, is more or less indica- 
tive of a genuine extract, whereas the presence of caramel and coal-tar 
dyes points to the vanillin being artificial. 
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The tests of the Bureau of Chem., U. S. Dept. of Agric., for the 
detection of these resins and caramel color are as follows: 

Vanillin, although the most important, is not the only fragrant 
principle of the vanilla bean and true vanilla extract. The bean also 
contains, among the many extractive matters which enter into the 
food value and fragrance of the extract, certain resins which can be 
identified by a number of reactions, If the latter give negative results, 
it is evident that the extract was not made from vanilla beans. 

Vanilla beans contain from 4 to 11% of these resins which vary 
from dark red to brown in colour and give rise to about one-half of the 
colour of the extract, 

For the detection of the resins the extract is treated as follows: 
50 c.c. of the sample to be examined are placed in a glass dish, and 
heated on a water-bath to expel the alcohol. When the latter has 
evaporated, the residue is diluted to the original volume with hot 
water. Provided alkali has not been used in the preparation of the 
extract, the resins will appear as a flocculent red or brown residue. 
The liquid is acidified with acetic acid to remove bases from the 
resins, the whole of which separate after a short time, leaving a partly 
decolourised, clear, supernatant liquid. The resin is collected on a 
filter and washed with water, the filtrate being reserved for further 
tests. When a portion of the filter with the attached resin is treated 
with a small quantity of dilute potassium hydroxide solution, the 
resin dissolves to a deep red solution which is precipitated by acids. 

Unlike most resins, that derived from vanilla beans, when dis- 
solved in alcohol, gives a solution of which the colour is very little 
changed by either hydrochloric acid or ferric chloride. 

A portion of the filtrate from which the resin was separated, gives a 
precipitate with a solution of basic lead acetate, which is so bulky 
as almost to solidify. The filtrate from this precipitate is almost 
colourless. 

Another portion of the filtrate from the resin may be tested for tannin 
with a solution of gelatin, Tannin occurs in the vanilla bean in 
varying but small quantities, a large proportion should not be found. 

The presence of caramel as a colouring matter is indicated if, on 
shaking the bottle of vanilla extract, the bubbles formed are of a 
bright caramel colour, and retain this colour until all of them have 
disappeared. The colouring matter present in vanilla or tonka extracts 
is almost completely removed when the dealcoholised extract is _ 
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treated with basic lead acetate solution. If caramel is present, the 
filtrate and precipitate, if any, have the characteristic red-brown 
colour of this substance. 

An imitation extract of vanilla made from Tonka beans is some- 
times substituted in America for true vanilla extract. H. Leffmann 
distinguishes between the 2 by evaporating the extract on the water- 
bath, redissolving the residue in a little water, acidifying the solution 
slightly, and shaking with ether. The residue left on evaporating 
the ethereal layer is mixed with a very small amount of phloroglucinol 
and a drop of hydrochloric acid and the mixture heated on the water- 
bath. Vanillin gives a red colouration, but coumarin does not. This 
test would not serve for the detection of Tonka beans in admixture 
with vanilla. 

The following method of detecting coumarin (U. S. Dept. Agric. 
Bur. Chem, Bull. 107) is given on the authority of Albert E. Leach 
(‘Food Inspection and Analysis” p. 738). A few of the crystals are 
dissolved in a small quantity of hot water, the solution filtered if 
necessary, and the filtrate treated with a few drops of a N/10 solution 
of iodine in potassium iodide. In the presence of coumarin a brown 
precipitate will be formed, which on stirring or shaking collects in 
dark green flocks leaving a clear brown solution. The reaction is 
especially marked if the iodine reagent is applied with a glass rod to 
the solution to be tested on a white tile. 

The following colorimetric method has been proposed by Moerk 
(Amer. Jour. Pharm., 1891, 63, 572) for the rough assay of essence 
of vanilla: 

The vanilla extract is treated with freshly-precipitated lead hy- 
droxide and to an aliquot part of the filtrate, after dilution, bromine 
water is added, drop by drop, until the colour of bromine no longer 
disappears on shaking the liquid. By careful addition of a 1% 
solution of ferrous sulphate a bluish-green colour is developed, 
which gradually increases in intensity to a maximum. By com- 
paring this colour with that produced in a solution of known 
vanillin content, the estimation of the quantity of the vanillin in the 
extract may be effected. 

iso-Vanillin, CsH,(CHO)'(OH)3(OCH,)4, is an isomeride of 
vanillin obtained by heating opianic acid under pressure with dilute 
hydrochloric acid, and is formed in small quantity, together with 
vanillin, in many reactions. It forms vitreous prisms, m. p. 115°, b. p- 
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179°, yielding a vapour which has an odour resembling that of vanilla 
and anise. iso-Vanillin gives no colouration with ferric chloride. 


CHO’ \o 
Piperonal. CsH,O,; i. ¢., | | Dou, 
Se 

Piperonal, or heliotropin as it is commercially named, has the con- 
stitution of methylene-protocatechuic aldehyde. It was originally pro- 
duced by the gradual addition of a solution of potassium permanga- 
nate to one of potassium piperate obtained by the saponification of 
piperine, the alkaloid of pepper. The liquid acquires a pleasant 
odour like that of coumarin, and yields piperonal on distillation. 

Piperonal is manufactured from safrole, CeH;(C,H;)'(O,.CH.)34, 
a leading constituent of the oils of sassafras and camphor. By the 
action of sodium hydroxide the safrole is converted into isvsafrole 
which is oxidised with potassium dichromate and sulphuric acid. 

Piperonal crystallises in large lustrous prisms or thin plates, m. p. 
37°. It has a very pleasant odour, closely resembling that of the helio- 
trope, and on this account is extensively employed in perfumery under 
the name of “‘heliotropin.” Piperonal is very sparingly soluble in 
cold water, but more readily in hot, and dissolves very easily in alcohol 
and ether. It has the general characters of an aldehyde. Its com- 
pound with sodium hydrogen sulphite crystallises in laminz and is 
but slightly soluble in water or alcohol. By treatment with oxidising 
agents or boiling with alcoholic potassium hydroxide piperonal is 
converted into piperonylic acid (page 513), whilst on reduction of its 
boiling aqueous solution by sodium amalgam it yields piperonyl alcohol, 
Co6H,.(O,:CH,).CH,OH, a sparingly soluble substance, m. p. 51°. 

When heated under pressure at 200°, with dilute hydrochloric acid, 
piperonal is decomposed into protocatechuic aldehyde and finely 
divided carbon. 

In doses of 0.5 to 1.0 grm. piperonal has been employed as an anti- 
septic and antipyretic of moderate power, but some observers find 
it to be devoid of physiological action. By far its most important 
application is in perfumery. 

Piperonal is injuriously affected by exposure to a temperature above 
or approaching its m. p., and is preferably preserved in alcoholic solu- 
tion. It is liable to the same kinds of adulteration as vanillin, and, in 
addition, to contain an admixture of vanillin itself. 
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Of the 6 possible compounds having the constitution of trihydroxy- 
benzoic acids, the 3 following isomers are well known: 


Gallic acid Pyrogallol-carboxylic acid | Bopacaroce ren oes 
COOH() COOH(:) COOH(:) 
OH(3) OH(?) | OH (2) 
CoH, OH(4) CoH, OH(s) CoHz OH(4) 
OH(s) OH (4) OH(5) 


Of these compounds, gallic acid is the only one of practical interest.? 


GALLIC ACID. C.H,(OH),.COOH+H,0O. 


Gallic acid occurs naturally in the free condition in gall-nuts, tea, 
sumac, divi-divi, mangoes, pomegranates, and many other plants, 
and may be obtained artificially by fusing brom-hydroxybenzoic acid 
or bromo-protocatechuic acid with potassium hydroxide. It is usually 
prepared, however, by the action of boiling dilute sulphuric acid on 
ordinary tannic acid (tannin), or, as it is frequently termed, gallo- 
tannic acid.” In this change 1 molecule of tannic acid is hydrolysed, 


1 PYROGALLOL-CARBOXYLIC ACID is obtained when pyrogallol is heated with potassium 
hydrogen carbonate (Ber., 1885, 18, 3205). It decomposes when heated to 195°, but may 
be sublimed without decomposition in a current of carbon dioxide. The solution gives a 
violet colouration with ferric chloride. 

PHLOROGLUCINOL-CARBOXYLIC ACID is obtained by boiling phloroglucinol with an aqueous 
solution of potassium carbonate. It decomposes at 100° or when boiled with water into 
phloroglucinol and carbon dioxide. 

2The tannin extract is introduced, in a crude state, into a lead-lined vacuum pan, to- 
gether with the necessary quantity of sulphuric acid, and the whole is heated to about 50° 
to 65° ina vacuum of 500mm, Nearly the whole of the gallotannic acid is converted into 

allic acid, and the concentration is kept up by the reintroduction of spent mother-liquor 
BN the crystallising pans. Under these conditions the brown amorphous products ob- 
tained when the operation is conducted in open vessels are no longer formed; and, after the ° 
reaction is complete, the liquor can be concentrated until the gallic acid begins to separate 
by crystallisation. The crude product is in the form of yellow crystals, which furnish 
a perfectly pure, colourless acid on double crystallisation in presence of animal char- 
coal free from lime. 

525 
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taking up a molecule of water, with the formation of 2 molecules of 
gallic acid: 


Cy.HoOg a) HO = 2C,H6O:. 
Digallic or Gallic acid. 
tannic acid. 


As in the case of many other changes of a hydrolytic nature, the 
same result may be brought about by the action of a natural ferment. 
The substance which most readily acts in this sense is the nitrogenised 
ferment contained in gall-nuts.t To bring about this change, the 
powdered galls are moistened with water and exposed to the air for 
several weeks. The dark-coloured mass is washed with a little cold 
water and then boiled with more water, which extracts the gallic acid. 

Gallic acid occurs in the form of acicular prisms or silky needles, 
either white or, generally, of a faint buff colour, containing 1 molecule 
of water of crystallisation. It is odourless, and possesses a faintly 
acid taste. It loses its water of crystallisation at 100°. (Bdéttinger 
states that gallic acid does not become anhydrous below 120°, but 
this is apparently an error.) 

When heated to a temperature of 210° to 220°, gallic acid melts 
and decomposes with formation of carbon dioxide and pyrogallol, 
C¢6H6O,, which latter substance can be obtained asa sublimate. Ifthe 
temperature be raised rapidly to 250°, water is given off in addition 
to carbon dioxide, and in the retort is found a considerable proportion 
of a deep-coloured, lustrous substance, which consists chiefly of meta- 
gallic acid, C6H,O,. 


Parts of Parts of 
Solvent gallic acid Solvent .| 'gallic acid 
dissolved dissolved 
ACELONE Wisi shin Oehare Ges ws 29.4 Mixed benzene and ethyl 0.77 


acetate (rr) a paces cme ie 


Acetone + 5% water...... 22.2 Ether (anhydrous) ........ 2.5 
Alcohol (absolute) ....... 22.2 Btheri(moist) ss sem cee 2.7 
Aileohol (909%). osx aii wears 18.9 Sodium chloride (26.9%) .. | 0.96 
HthyWacetate esi... « «1. 8.4 Wiater tats os )aieecinc aan 0.76 


1A. Fernbach (Compt. rend., 1900, 131, 1214) assumes that it is the mould-fungi formed 
’ in the gallic acid fermentation which bring about the hydrolysis of the tannin by a special 
ferment, tannase. Fernbach isolated this enzyme by cultivating Aspergillus niger in Raulin’s 
liquid containing tannin in place of sugar. By precipitation with alcohol, H. Pottevin 
(loc. cit.) obtained tannase as a grey powder, the neutral or acidified solution of which 
is much more active than the original liquid. It acts most powerfully at 67°, is contained 
in sumac leaves, and appears to be widely distributed in the vegetable kingdom. 
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Gallic acid is soluble in about roo parts of cold or 3 parts of boiling 
water. ‘The hot solution deposits abundant crystals of the hydrated 
acid on cooling. Gallic acid is soluble in 5 parts of 90% alcohol, in 
40 parts of ether, and in 12 of glycerol.!' The figures for solubility of 
gallic acid according to the U. S. Pharmacopeeia, at 25°, are: water 
83.7 parts, alcohol 4.14 parts. It is only very slightly soluble in 
chloroform, benzene, and benzin. 

An aqueous solution of gallic acid has an acid and astringent taste 
and readily undergoes decomposition. Gallic acid may be extracted 
from its aqueous solution by agitation with ether, or ethyl acetate. 

Gallic acid is monobasic, and forms a series of well-defined, but 
unimportant, crystallisable metallic salts. The gallates of the alkali- 
metals are stable in the dry state or in acid solution, but in alkaline 
solution they readily absorb oxygen and become coloured, owing to the 
formation of galloflavin, a yellow dye of the xanthone series. 
Basic bismuth gallate is described on page 533. 

Oxidising agents, such as arsenic acid and iodine, convert gallic 
acid into ellagic acid, which is probably a fluorene derivative. 

According to Guignet (Compt. rend., 1891, 113, 200), when a warm 
solution of gallic acid is added to a warm mixture of zinc powder and 
ammonia, it is completely converted into benzoic acid after being heated 
to 60° for some hours. Benzoic acid is also formed when gallic 
acid is heated with zinc and dilute sulphuric acid, but in this case the 
benzoic acid remains undissolved. 

When gallic acid is heated with 5 times its weight of strong sul- 
phuric acid to 100°, it is converted into rufigallic acid, C;,HgOs. The 
liquid first becomes red and next purple, and if then poured into water, 
nearly pure rufigallic acid is precipitated.? If, in the above process, 
a portion of the gallic acid be replaced by benzoic acid, the product 
is anthragallol, one of the isomeric trihydroxy-anthraquinones. 


1 The table (page 526), based on the observations of Rosenheim and Schidrowitz (Trans., 
1898, 73, 882) shows the solubility of gallic acid in 100 parts of various solvents at 15°. 

2 RUFIGALLIC ACID, OR RUFIGALLOL, is a hexahydroxyanthraquinone of the constitution: 
C14H202(OH)1(OH)2(O0H)3(OH)5(OH)8(OH)7. It forms small, shining, reddish-brown 
crystals containing 2H»2O, but becomes anhydrous at 220°, and sublimes at a higher tem- 
perature in cinnabar-red prisms. Rufigallic acid dissolves sparingly in hot water, alcohol, 
and ether. It dissolves with an indigo-blue colour’in alkali hydroxide, and gives an indigo- 
blue precipitate with baryta water. When heated with zinc dust it is reduced to anthra- 
cene, CisHi0. ; 

When pyrogallol is fused with ammonium oxalate it yields ammonium rufigallate, which 
dissolves in water with red colour, and gives the following reactions: Potassium ferricyanide 
and potassium bichromate give a dark brown precipitate insoluble in alcohol. Ferric 
chloride gives no black colouration, and neither sodium nitroprusside nor platinic chloride 
produce either precipitate or change of colour. On adding a few drops of acetic acid, and 
then potassium cyanide and mercurous nitrate, a black precipitate is obtained. Alkali 
hydroxide cause a change to brown but not to black. 
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Gallic acid is absorbed by certain organic tissues, such as hide and 
silk, in the same manner as tannic acid, but far less readily and com- 
pletely. Vignon (Compt. rend., 1895, 121, 916) states that ungummed 
silk absorbs from 7 to 8% of its weight from a 4% solution of gallic 
acid at a temperature of 80°; but with a bath of 1% strength the 
absorption is practically nil. From a mixed bath of tannic and gallic 
acids the former is preferentially absorbed. 

Gallic acid and its derivatives are used to a considerable extent 
in medicine. Gallic acid is also used as a reducing agent in photog- 
raphy and is a constituent of certain hair-dyes. It finds employment 
in the manufacture of pyrogallol. 

Analytical Reactions of Gallic Acid.—An aqueous solution of 
gallic acid gives the following indications: 

On the addition of a solution of ferric chloride a deep blue precipi- 
tate is formed, which is soluble in excess of the reagent with green 
colour. The exact colour of the precipitate is affected by the con- 
centration of the solutions. An excess of gallic acid destroys the 
colour, and reduces the iron to the ferrous state. A similar change 
occurs on boiling the liquid. 

In the absence of air, a solution of ferrous sulphate gives a white 
precipitate with a concentrated solution of gallic acid. With a dilute 
solution no immediate change occurs, but on exposure to air the liquid 
becomes bright blue, and deposits a black precipitate without be- 
coming decolourised. 

W. H. Ince (Pharm. J., 1887, [3], 1'7, 461) prepares a neutral solution 
of ferrous chloride by decomposing cupric chloride by iron filings or 
wire. He adds this reagent to the solution to be tested for gallic acid, 
and then gradually adds bromine in excess. Under these condi- 
tions, gallic acid gives a faint blue colour on first adding the ferrous 
chloride, and this is changed to indigo-blue on cautious addition of 
bromine water or vapour, but the liquid is decolourised on adding 
excess. Gallotannic acid gives a red tint changing to green with 
excess. 

On addition of excess of alkali hydroxide to a solution of gallic acid 
the liquid turns yellow, and ultimately brown and black on exposure to 
the air, from formation of tanno-melanic acid. The change is ac- 
celerated by boiling. On neutralising the black liquid ‘with acetic 
acid and adding lead acetate, a black precipitate is thrown down. If 
sodium hydrogen carbonate be used instead of alkali hydroxide, 
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the liquid becomes indigo-blue and deposits a deep bluish-green 
precipitate, which is turned red by acids. 

Lime-water in excess produces a white precipitate with solutions 
of gallic acid, changing very rapidly to blue. 

When ammonium chloride and ammonia are added to a solution of 
gallic acid no precipitate is formed, but a strong red colour is developed 
if the solution is strong, or a greenish-coloured ring at the junction of 
the layers of the liquids is formed if the solution be weak. 

A red colour is produced in solutions of gallic acid by chlorine water 
and ammonia. 

With a.solution of potassium antimony tartrate, gallic acid yields 
a white precipitate even in very dilute solutions, and the filtrate is 
practically free from gallic acid. The action is prevented by am- 
monium chloride, or acetate. Precipitation as gallate has been pro- 
posed as a means of estimating antimony.' 

Gallic acid reduces Fehling’s solution only slowly and imperfectly, 
with formation of acetic and pyrotartaric acids and other products 
(C. Bottinger, J. Soc. Chem. Ind., 1891, 10, 480). Gallic acid reduces 
gold and silver solutions (rapidly when hot), and decolourises an acid 
solution of potassium permanganate, being oxidised to hydro-rufigallic 
acid, C,,HsO.. 

In the absence of other reducing agents, gallic acid may be esti- 
mated by titration in an acid solution with permanganate, preferably 
in presence of indigo. If tannic acid be present, it must first be sepa- 
rated by precipitation. 

Gelatin or ‘‘collin”’ cannot be used for this purpose owing to the 
large percentage of gallic acid carried down by the tannic acid coagu- 
lum (Dreaper, Chem. News, 1904, 90, 111). 

No precipitate (distinction from tannic acids) is produced with 
gallic acid by dilute solutions of alkaloids, gelatin, albumin, or starch, 
but a mixture of gum-arabic and gelatin is precipitated. 

In very concentrated solutions gallic acid is precipitated by 
albumin (Dreaper. and Wilson, J. Soc. Chem. Ind., 1906, 25, 515). 

According to Griggi, a 3% solution of potassium cyanide produces, 
with a 1% solution of gallic acid, a fine ruby-red colouration, which 
shortly disappears, but can be restored by agitating the liquid. Tannic 
acid and pyrogallol give a yellowish-red colour when similarly treated. 


1 The British Pharmacopceia (1898) erroneously states that gallic acid is not precipitated 
by antimony tartrate. 
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If hydrogen peroxide be added in addition to potassium cyanide, gallic 
acid still gives a ruby-red colouration; but with tannic acid the colour 
is yellowish-brown, and with pyrogallol a dirty white turbidity is 


produced. 


The following table exhibits the reactions of gallic acid in juxta- 
position with those of gallotannic and pyrogallic acids, to which sub- 
stances gallic acid presents many points of resemblance: 


1% Solution of: 


Reagent 
Gallotannic acid , Gallic acid Pyrogallol 
z. Gelatin........| White or buff | No change, except | No change. 
coloured precipi- in presence of 
tate. gum-arabic. 
2. Ferroussulphate| No change; white in | No change; white in | White precipitate, 
(free from ferric concentrated solu- concentrated solu- | changed to blue 


salt). 
3. Ferric chloride. 


4. Ferric acetate. 


5s. Ammoniacal 
ferricyanide. 


6. Ammoniacal 
picric acid. 


7. Lime-water in 
excess; or bar- 
ium chlorideand 
ammonia. 

8. Lead acetate. . 


9. Lead nitrate. . 
. Tartar emetic. 
. Bismuth nitrate 


. Ammoniacal 
cupric sulphate. 


. Potassium 
anide. 


cy- 


tion, darkening on 
exposure. 


Blue-black ppt.. 
colour destroyed 
by boiling. 


Blue-black ppt. 


Deep red _ coloura- 
tion destroyed by 
moderate excess of 
the reagent. 


Reddish. 


White precipitate, 
tapidly becoming 
blue. 


White ppt. insolu- 
ble in actic acid. 

White precipitate. 

White ppt. insoluble 
in ammonium 
chloride. 

White precipitate. 


Precipitate. 


Yellowish-red. 


tion, darkening on 
exposure. 


Deep blue coloura- 
tion, destroyed 
by boiling. 

Purple-black ppt. 


Vermilion-red _col- 
ouration, only 
destroyed by a 
large excess of re- 
agent. 


Red colouration, 


tapidly changing ; 


to fine green. 


White precipitate, 
very rapidly be- 
coming blue. 


White ppt., solu- 
ble in acetic acid. 
No change. 


White ppt. soluble in 
ammonium chloride 


Pale yellow ppt. 
No precipitate. 


Ruby-red colour, 
disappearing on 
standing, but re- 
stored by shaking 
with air. 


solution by least 
trace of ferric salt. 


Red colour, turning 
brown on heating. 


Purple-black colour. 


Intense brown colour, 


Reddish colour. 


No ppt.; immediate 
purple colour be- 
coming brown in 
the air. 

Slight precipitate. 


No change. 
No change. 
Dark greenish ppt. 


Deep purple-brown 
colouration. 


Yellowish-red. 


With Hiibl’s iodine solution, gallic acid yields a golden-yellow sub- 


stance which is readily soluble in water. 


Tannic acid absorbs less 


iodine than gallic acid, and gives a yellow, granular product which is 
nearly insoluble in water. 
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An ammoniacal solution of potassium ferricyanide produces with 
gallic acid a very bright red colouration, destroyed only on adding a 
large excess of the reagent. 

An aqueous solution of picric acid to which an excess of ammonia 
has been previously added produces with gallic acid a red colouration, 
changing in a few seconds to a beautiful green. 

Gallic acid gives a somewhat similar and delicate reaction on ad- 
dition of a faintly alkaline solution of sodium arsenate, when the surface 
of the liquid exposed to the air rapidly becomes deep green. 

When gallic acid mixed with twice its weight of phenylhydrazine is 
heated to roo® or a slightly higher temperature and then boiled with 
water, or when the aqueous solutions of the two substances are mixed and 
boiled, a compound is obtained which dissolves in very dilute sodium 
hydroxide solution with reddish-yellow, orange, or golden colouration. 
Tannin, on similar treatment, yields a splendid greenish-blue solution, 
gradually turning yellow. 

Pure gallic acid is optically inactive, while gallotannic acid is active 
(Rosenheim and Schidrowitz, Trans., 1898, '73, 880). 

W. P. Dreaper (J. Soc. Chem. Ind., 1893, 12, 412, and Chem. News, 
1904, 90, 111) has devised a process by which gallic acid can be esti- 
mated volumetrically with very fair accuracy. It consists in heating the 
solution to be tested to about go° after adding about 1 grm. of precipi- 
tated calcium carbonate and subsequently cooling to about 25°. In 
this way the calcium salt of gallic (or tannic) acid is formed before 
titration. A solution of copper sulphate containing 15 grm. pei litre 
is then added, with agitation, until the precipitate shows a tendency to 
collect at the bottom of the liquid. A drop of the supernatant liquid is 
then removed and pressed on a doubled, square inch of filter-paper, to 
the under leaf of which a drop of solution of potassium ferrocyanide is 
then applied. If the action is complete, a faint pink colouration will be 
observed, owing to the formation of cupric ferrocyanide. If no colour 
is obtained, more copper sulphate must be cautiously added and the 
testing of a drop of the liquid repeated. Dreaper found o.5 grm. of 
the purest gallic acid obtainable to require 45 c.c. of the standard 
copper solution for its precipitation.* 

Gallotannic acid behaves in the above process exactly like gallic 
acid, except that 0.5 grm. of the purest specimen obtainable requires a 


1A slight correction should be made for the excess of copper solution requisite to yield 
a visible reaction, as ascertained by a blank experiment. 
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different amount of the copper solution for its precipitation. Hence 
when a mixture of tannic and gallic acids is to be analysed, it is neces- 
sary first to separate the former. This is effected by Dreaper by add- 
ing to 5oc.c. of the original solution 5 grm. of barium sulphate, followed 
by 10 c.c. of a solution containing 20 grm. of lead acetate and 60 c.c. 
glacial acetic acid to the litre, which should be added gradually with 
constant shaking. The liquid is then filtered through a dry filter- 
paper, and a small quantity of anhydrous sodium sulphate (0.5 grm.) 
added. After 5 minutes the lead sulphate is filtered off through 
another filter-paper and the resulting solution titrated with copper 
sulphate solution after ascertaining its volume and heating with calcium 
carbonate. In all three operations the calcium carbonate used must 
be pure. The quality “precipitated for analysis” is the best. By 
this treatment the tannic acid is completely removed, and the gallic 
acid can be estimated by titrating 4o c.c. of the filtered liquid with 
copper solution in the manner already described. 

An approximate estimation of the gallic acid may be made by titrat- 
ing the filtrate with standard permanganate in presence of sulphuric 
acid and indigo-carmine. 

Another method of separating gallic acid from tannins depends on 
the insolubility of cupric gallate in water, and its solubility in am- 
moniacal liquids. The solution is precipitated by excess of cupric 
acetate, the precipitate washed and digested with a cold solution of 
ammonium carbonate. The solution, filtered from any insoluble 
tannate of copper, is evaporated to dryness, the residue moistened 
with nitric acid, ignited, and the resultant cupric oxide weighed. Its 
weight, multiplied by 0.9, gives the weight of gallic acid. This 
method is sometimes applicable to the separation of gallic acid from 
gallotannic and quercitannic acids, but the copper salts of some varie- 
ties of tannin are soluble in ammonium carbonate. . 

In the absence of tannic acid and other substances which interfere 
with the action, gallic acid may be estimated by digesting the solution 
containing it with a known weight of recently ignited oxide of zinc. 
The insoluble zinc powder is filtered off and washed, dried at r10°, and 
finally weighed. The increase in weight may be regarded as the 
amount of gallic acid taken up. Gallic acid may be separated from 
many varieties of tannin by agitating it in aqueous solution with ether. 

The ordinary hide powder process as used in the estimation of tan- 
nins is quite useless in the case of gallic acid, as will be seen from 
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figures given by Dreaper (Chem. News, 1904, 90, 111) where results 
showing errors amounting to between 27.0 and 45.6 % are given. 


Esters and Derivatives of Gallic Acid. 


A number of derivatives of gallic acid have recently found applica- 
tion in medicine. The following are the most important of these: 

Bismuth Subgallate, brought out under the trade name of 
“dermatol” is a basic gallate of bismuth of the formula, C,.H,- 
(OH),.COOBi(OH),. It forms a soft, bright yellow, tasteless, 
odourless powder, which reddens litmus-paper, but is almost insoluble 
in water, alcohol, and ether. It should be wholly soluble in dilute 
acids and in sodium hydroxide solution, and should give no indica- 
tion for nitrates with diphenylamine. Bismuth subgallate is a valuable 
substitute for iodoform, and in doses of 0.25 to 0.5 grm. is employed 
internally in the treatment of diarrhoea. 

The following tests are given in the United States Pharmacopceia. 

Bismuth subgallate should yield not less than 52% nor more than 
57% of pure bismuth oxide. 

An amorphous, bright yellow powder, somewhat variable in chemi- 
cal composition, without odour or taste, and permanent in the 
air. 

Insoluble in water, alcohol, and ether; readily, with decomposition, 
in hydrochloric, nitric, and sulphuric acids if these be heated; insolu- 
ble in very dilute mineral acids; readily soluble in solutions of the 
alkali hydroxides, forming a clear yellow-coloured solution, which 
readily changes to a deep red. 

When heated to 120° the salt loses from 5 to 7% of water, and on 
subsequent heating to redness it at first chars, finally leaving a yellow 
residue, which is soluble in hydrochloric and nitric acids and is black- 
ened by ammonium sulphide T. S. 

Upon thoroughly agitating o.1 grm. of bismuth subgallate with 
an excess of hydrogen sulphide T. S., a black precipitate results; on 
filtering and then boiling the filtrate to remove the dissolved gas the 
cold filtrate, after the addition of 1 drop of ferric chloride T.S., will 
assume a blue-black colouration. 

If 9.5 grm. of the salt be well shaken with 5 c.c. of alcohol and 
filtered at once, the filtrate should not turn moistened blue litmus- 
paper red (absence of free gallic acid). 
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If o. 5 grm. of bismuth subgallate be well mixed with 5 c.c. of dilute 
sulphuric acid and 5 c.c. of ferrous sulphide T. S., the mixture filtered 
and the filtrate cautiously poured, without shaking, over 5 c.c. of 
sulphuric acid (free from nitrous compounds) contained in a test- 
tube, no brown ring should form after standing for ten minutes (limit 
of nitrate). 

If 3 grm. of bismuth subgallate be ignited in a porcelain crucible, 
and, after cooling, nitric acid be cautiously added to the residue drop 
by drop, warming until it is dissolved, then evaporating to dryness 
and again igniting and cooling, should, after concentrating to about 
4 c.c., be poured into 100 c.c. of water, and after filtering and evapo- 
rating the filtrate on a water-bath to 30 c.c., again filtering, and 
dividing this filtrate into portions of 5 c.c., then each of these 
should respond to the test for purity described under bismuth 
subcarbonas. 

The residue resulting from the ignition and subsequent treatment 
of 2 grm. of the salt, as described below, should not respond to Betten- 
dorf’s test for arsenic. 

If 1 grm. of bismuth subgallate be thoroughly ignited in a porcelain 
crucible, and, after cooling, 5 c.c. of nitric acid be added to the residue, 
drop by drop, warming until complete solution has been effected, 
this, upon evaporating to dryness and again igniting, should leave a 
residue of bismuth oxide weighing not less than 0.52 grm. nor more 
than 0.57 grm. 

Average dose, 0.250 grm.=250 milligrammes (4 grains). 

“Airol,”? a compound of the formula CsH,(OH),.COOBi(OH)I, 
possesses at once the absorbent properties of dermatol and the antisep- 
tic properties of its iodine. It forms a greenish-grey, odourless, taste- 
less powder, which loses iodine on exposure to moist air. ‘‘ Jodogalli- 
cin”’ is a methyl-derivative of airol. 

“Gallicin,” or methyl gallate, C;sH,(OH),.COO(CH.,), is pre- 
pared by passing a current of dry hydrochloric acid gas through a 
solution of gallic acid in methyl alcohol. It forms fine needles or 
prisms which melt at 202°, and are readily soluble in water and alco- 
hol. It is used as an antiseptic dusting powder and in certain eye 
diseases. 

‘‘Bismal.”’—Gallic acid readily condenses with formaldehyde to 
form substances typified by methylene-digallic acid, or methylene gallate, 
Ce6H,(OH);.CO.O0.CH,.OCO.(OH),Cs6H,. The bismuth salt of 
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this body, said by Merck to be 4C,<H,.0,.+3Bi(OH),, is the 
“bismal” of commerce. It forms a bluish-grey, voluminous powder, 
soluble with yellow or red colour in alkalies and reprecipitated by acids. 
It is recommended in doses of 0.1 to 0.3 grm. as an internal astringent 
in chronic diarrhoea (compare Ber., 1898, 31, 259). 

“Gallobromol’? is a dibromogallic acid, Cs6Br,(OH),.COOH. It 
is obtained by the direct action of bromine on gallic acid, and forms 
fine white needles of bitter taste, almost insoluble in cold, but readily 
soluble in boiling water. It is also dissolved by alcohol and ether. 
It is a valuable substitute for metallic bromides as a sedative in nervous 
complaints. 

“Gallanol,” or galanilide, CsH,(OH),.CO.NH.C.¢H,. This sub- 
stance forms white crystals melting at 205°, soluble in water, alcohol, 
and ether. It has marked astringent properties and, being less ir- 
ritant and non-poisonous, is preferred to chrysophanic acid and 
pyrogallol in the treatment of skin diseases. 

Gallacetophenone, C,.H,(OH),.CO(CH;,), has already been de- 
scribed on page 428. 


OH(*) 
Pyrogallol. Pyrogallic Acid. C>H6O,;7.e., Ce6H;< OH(?) 
OH(3) 


Pyrogallol has the constitution of a trihydroxy-benzene, and hence 
is isomeric with phloroglucinol and hydroxy-quinol. Thus: 


Pyrogallol | Phloroglucol | Hydroxyquinol 


Position of OH-groups in benzene-| 1: 2:3 Taegee 5 Tens ara 
ring. 

IMIS scretereras ts wiegel sieyatnniaresye ls an « 2 131° 218° I40.5° | 

Colouration with ferric chloride... Red Dark violet | Greenish-brown. 


Phloroglucinol is described in Vol. 5. Hydroxyquinol has no 
practical interest. 

Pyrogallol is produced when carbon dioxide is split off from gallic 
acid or from the isomeric pyrogallol-carboxylic acid, in both of which 
bodies the 3 hydroxyl groups occupy consecutive positions in the 
benzene nucleus. Pyrogallol is formed when the above-named acids | 
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are heated alone, as was first observed by Scheele (1786), but 
better’ by heating with water to 210°. It may also be prepared 
by heating a solution of commercial gallotannic acid in glycerin to 
200°, diluting with water, and extracting the pyrogallol by agitation 
with ether. 

Pyrogallol may be conveniently obtained by mixing gallic acid with 
twice its weight of aniline. The mixture at first becomes liquid, and 
then suddenly solidifies with rise of temperature. On heating the 
product to 120° till carbon dioxide is no longer evolved, aniline 
pyrogallate separates out on cooling in long needles, melting at 55° 
to 56°. On treating this compound with cold benzene, pure aniline 
is dissolved, and pyrogallol remains insoluble. Several organic bases 
besides aniline effect the same result, but pyridine does not react until 
heated considerably above its b. p. 

Pyrogallol can also be prepared by fusing either of the two parachlor- 
phenol-disulphonic acids with potassium hydroxide, and it results from 
the action of fused alkali hydroxide on hematoxylin. 

Pyrogallol forms white leaflets or thin lustrous needles, having a 
sp. gr. of 1.463. It melts at 131° to 132° (not at 115° to 118°, as some- 
times stated). When cautiously heated above this temperature, 
pyrogallol can be sublimed without decomposition; but when rapidly 
heated to 250°, it loses the elements of water and is converted 
into a more or less indefinite substance termed metagallic acid, 
which forms a black, amorphous mass insoluble in water but soluble 
in alkalies. 

Pyrogallol dissolves in less than 3 parts of cold water, to form a 
solution of acid and bitter taste. It is also freely soluble in alcohol and 
ether, but practically insoluble in absolute chloroform. 

Pyrogallol forms salts with bases, but its acidic characters are not 
very strongly marked, and the salts are very unstable.t Pyrogallic 
acid itself is stable in the dry state, when the atmosphere is free from 
ammonia, but in moist or ammoniacal air it gradually darkens and 
turns brown. In aqueous solution this change occurs far more rapidly, 
and is attended with absorption of oxygen.? In the presence of am- 


1 Barium pyrogallate. CoH3(0H)O2Ba+4H20, has been prepared by mixing aqueous 
pyrogallol with excess of baryta water. It forms colourless needles which rapidly blacken 
in the air, and are decomposed when boiled with water. 

2 The oxidation of pyrogallol in acid or neutral solutions results in the formation of 
purpurogallol or purpurogallin, a body of the formula CooH1sOo. It is most readily obtained 
by treating a solution of 20 parts of pyrogallol in 330 parts of water with a solution of 87 
parts of potassium ferricyanide in 330 parts of water. Gas is evolved, the solution loses its 
deep red colour, and purpurogallin separates, the oxidation being complete in about half 
an hour. Purpurogallin crystallises from alcohol in brown velvet-like needles, melting at 


GALLIC ACID. 5a7 


monia or fixed alkali, the absorption of oxygen by pyrogallol is ex- 
tremely rapid, the liquid quickly becoming brown and finally black. 
This behaviour of an alkaline solution of pyrogallol is employed for the 
estimation of oxygen in air and other gaseous mixtures, but has been 
objected to on the ground that the absorption of oxygen is attended with 
simultaneous evolution of carbonic oxide.* 

According to M. Berthelot (Compt. rend., 1898, 126, 1459), the 
chief products of the oxidation of pyrogallol in presence of potassium 
or sodium hydroxide are carbon dioxide and about 86% of a dark 
brown substance soluble in water having the composition C,.H,.O,6. 
A dark red, crystallisable substance, containing C,.H,.O,,;, soluble in 
ether and having some of the properties of purpurogallin (from which 
it differs by 2H,O), is formed in the early stages of oxidation; while 
another substance soluble in ether, and of the probable formula 
C,6H,6O;,., exists in the final products in quantity equal to about 
10% of the original pyrogallol. 

With lime-water, or calcium chloride and ammonia, in presence of 

. air, pyrogallol gives a fine purple colouration, rapidly changing to 
brown, but no precipitate is produced. The test is delicate’ and 
characteristic.” 

Pyrogallol rapidly reduces salts of mercury, silver, and gold, with 


156°, and volatilising at 200° with partial decomposition. It dissolves with difficulty in water, 
but readily in alcohol and ether, and is soluble in alkalies to form unstable blue compounds. 
The sodium salt contains Nas, and gives with barium chloride an almost insoluble precipi- 
tate of the barium compound. In strong sulphuric acid, purpurogallin dissolves to a liquid 
which gives an intense violet colouration when a trace of nitrous acid or a nitrite is added. 
The colour is fugitive, but the test is said to be delicate and characteristic (S. C. 
Hooker, Ber., 1887, 20, 3259). 

1B. Clowes (Proc. Chem. Soc., 1895, p. 200) finds that when the absorption of oxygen is 
effected by a solution containing to grm. of pyrogallol and 24 of potassium hydroxide per 
Ioo ¢.c., no carbon monoxide is evolved unless the oxygen in the gaseous mixture exceeds 
28%, and in such cases perfectly accurate determinations of oxygen are obtainable if the 
carbon monoxide evolved be absorbed by cuprous chloride before taking the reading. If 
the proportion of alkaline hydroxide be increased to 120 grm. per 100 c.c., no evolution of 
carbonic oxide occurs. The question has been further studied by M. P. E. Berthelot (Compt. 
rend., 1898, 126, 1066, 1459), who states that in presence of 3 molecules of potassium or 
sodium hydroxide 1 molecule of pyrogallol absorbs 3 atoms of oxygen, the carbon monoxide 
evolved being 2.2% of the volume of oxygen absorbed. With 3 equivalents of barium 
hydroxide, however, only 1 atom of oxygen is absorbed, and less carbon monoxide is formed. 

ith ammonia the absorption is at first very rapid, but is ultimately very slow, 4 atoms of 
oxygen being ultimately absorbed. No nitrates are formed, but possibly an azo-compound 
is produced. Sh od 

2?For examining the behaviour of pyrogallol with lime-water, it is convenient to employ 
a nitrometer filled with mercury. A few cubic centimetres of the solution to be tested for 
pyrogallol are first allowed to enter through the tap, and the cup is rinsed with water, which 
is allowed to enter in its turn. Ammonia is next run in, whena slight brown colouration is 
usually produced owing to dissolved oxygen. On now allowing lime-water or calcium chlo- 
ride to enter, a fine but rapidly fading purple colour will be developed, and this will be 
greatly intensified on admitting air and agitating the tube; in fact, in the entire absence 
of oxygen, the purple-blue colour would probably not be produced. In the absence of 
calcium (or barium) compounds only a brown colour is produced on admitting air. Ad- 
dition of potassium ferricyanide to the ammoniacal liquid produces an immediate dark 
brown colouration, apparently owing to the formation of the same oxidation-product as is 
produced by admitting air; but ferricyanide prevents the formation of the blue colour with 
calcium salts, probably by immediately forming the more highly. oxidised brown product. 
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precipitation of the metal and formation of acetic and carbonic acids. 
Fehling’s solution and potassium ferricyanide are also reduced, and 
potassium permanganate in acid solution is rapidly decolourised with 
evolution of carbon dioxide. 

With ferrous sulphate, especially if a little ferric salt be present, 
pyrogallol gives a blue colouration, rapidly changing to green and red; 
and with ferric chloride it at once gives a red colouration, turning brown 
on heating the liquid. 

The aqueous solution of pyrogallol is turned brown by nitrous acid. 
The test is very delicate. 

Pyrogallol does not precipitate a solution of gelatin. 

Pyrogallol might probably be estimated by titration in acid solu- 
tion with standard permanganate, or perhaps by means of Fehling’s 
solution. 

Pyrogallol condenses with formaldehyde to form a product of 
a deep red colour. Pyrogallol forms several well-defined sulphonic 
acids, which give crystallisable salts (M. Delage, Compt. rend., 1900, 
131, 450). 

When fused with ammonium oxalate, pyrogallol yields ammonium 
rufigallate. 

Pyrogallol possesses well-marked toxic properties, and a case of 
fatal poisoning by its ingestion is on record (Pharm. Jour., 1896, 2, 
260). The lethal dose is about o.1 grm. per kilo-grm. of body- 
weight and the symptoms are similar to those produced by phosphorus- 
poison-ing. Pyrogallol retards the heart’s action and alters the 
appearance of the blood (Gibbs and Hare, Amer. Chem. Jour., 1890, 
12, 365). 


Ethers and Esters of Pyrogallol. 


Some of the pyrogallyl esters are prepared on a small scale for 
medicinal purposes. 

Pyrogallyl monacetate, (OH),(O.C,H,0,), is known under the 
name of ‘‘Eugallol.” It is very soluble in water, but is of too irri- 
tating a nature to be used in ordinary dermatological practice. It 
is of a syrupy consistence and easily soluble in acetone. When a very 
energetic action on a limited portion of the skin is required, this body 
has been found very useful, as it can easily be applied as a solution 
in acetone, which rapidly evaporates and leaves the eugallol on the 
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desired place. The commercial ‘“Eugallol”’ contains 33% of acetone. 
Pyrogallol triacetate is a white powder insoluble in water, and is known 
as ‘‘Lenigallol.”” It has been very successfully employed in cases of 
psoriasis. The disalicylate is known as “‘saligallol,’’ and is sometimes 
employed in similar cases (see page 499). 

Pyrogallol dimethyl ether, C-H,(OH).(OCH,)., and its homo- 
logues occur in the less volatile fractions of beechwood-tar. They owe 
their chief interest to the remarkable series of colouring matters 
originally prepared from them by Runge. 

By condensing pyrogallol-dimethyl ether with tiglic aldehyde, 
Doebner has obtained an artificial resin closely resembling the natural 
products. When guaiacol is condensed in conjunction with dimethyl 
gallate, the resin obtained is isomeric with guaiaconic acid, one of the 
constituents of guaiacum-resin, Doebner’s results support the view 
that the natural resins are in many cases condensation products of 
phenols with aldehydes. 


PHTHALIC ACID AND THE 
PHTHALEINS. 


BY W.-A=DAVIosBa son An.C. Gel. 
PHTHALIC ACIDS. 


Benzenedicarboxylic Acids, CsH,(CO,H),. 


Three isomeric acids of the above composition are known, differing 
from each other in their properties and structure, according to the 
relative positions of the carboxyl groups in the benzene nucleus. 
Thus, on oxidation with dilute nitric acid or an alkaline solution of 
potassium permanganate, the 3 isomeric xylenes yield the correspond- 
ing phthalic acids. These may, in fact, be regarded as the final prod- 
ucts of the limited oxidation of the great majority of benzene deriva- 
tives containing 2 side-chains. Hence the differentiation of the 
phthalic acids affords, in this as in many other cases, a valuable means 
of distinguishing between allied or isomeric compounds of the aro- 
matic series, and of studying their constitution. The formation of 
phthalic acid, for example, by the oxidation of naphthalene affords 
most valuable evidence of the constitution of that hydrocarbon. 

The following table exhibits the leading points of difference between 
the isomeric phthalic acids: 


Orthophthalic Metaphthalic Paraphthalic or 
or ordinary or isophthalic terephthalic 
phthalic acid acid : acid 
l 
(1) CO.OH zt) CO.0OH | a. 1) CO.OH 
Porm lanes shia siciees CeHa { (2) CO.OH CeHa { {2} CO .0H | CsH, { f2} CO.OH 
Chief sources and modes | Oxidationofortho- | Oxidation of meta- | Oxidation of para- 
of formation. xylene, alizarin, xylene and colo- xylene, p-toluidine, 
purpurin, ben- phony. | turpentine oil, cy- 
zene, naphtha- mene, cumin oil, 
lene, and naph- * eucalyptus oil, etc. 
thalene _ tetra- 
chloride. | 
Crystalline form....... Monoclinic prisms | Slender hair-like | Amorphous or crys- 
or nacreous lam- needles. | talline powder. 
ine. 


541 


542 PHTHALIC ACID AND THE PHTHALEINS. 


Orthophthalic Metaphthalic Paraphthalic or 
or ordinary or isophthalic terephthalic 
phthalic acid acid acid 

Mepis rinse ctaetesiecsie sc 213° when rapidly | Above 300°. Sublimes without 
heated, giving melting. 
the anhydride. Z 5 

Solubility in water...... Cold, x in 180 | Cold, 1 in 7,800; | Cold, very © slight; 
parts; boiling, boiling, 1 in 460 boiling, sparingly. 
more easily solu- parts. 
ble (z : 6). : e . 

Solubility in alcohol... r in ro parts. Readily. Very slight. 

Solubility in ether..... Ein 46 at TS’. _ ||| cule Sassi ooeneere Insoluble. 

Action of chromic acid | Completely oxid- | Not affected. Not affected. 

mixture. ised to waterand 
COs. 

Baritim) saltceccoceeo Small scales or | Crystallises in | White granular 
silky needles, teadily soluble powder or concen- 
only slightly sol- needles, contain- trically arranged 
uble in hot ing 6H2O. tablets containing 
water. 4H20, soluble in 350 

parts of cold water. 

DILVELISAl eyewear eve 6 enerre Crystalline and |,Amorphous _ pre- | Amorphous _ precipi- 
moderately solu- cipitate; forms tate, blackening in 
ble; detonates Pharaoh’s _ ser- the light. 
when tapidly pents on heat- 
heated. ing. 

Dimethylester, Liquid, b. p. 282°. | Solid, m. p. 64°. Solid, m. p. 140°.- 

CsH4(CO2Me):. 
/™, CO.OH 


ORTHO-PHTHALIC ACID, 


& CO.OH 


Ordinary phthalic acid was formerly manufactured on the large 
scale mainly by converting naphthalene into the tetrachloride, and 
heating this with 5 to 6 parts of nitric acid of sp. gr. 1.36, till entirely 
dissolved, when the excess of nitric acid was expelled, and the phthalic 
acid crystallised out on cooling. It may be purified by re-crystalli- 
sation from hot water. The yield by this process is about 30% of 
the naphthalene used. Phthalic acid may also be obtained by treating 
naphthalene direct with nitric acid of 1.15 sp. gr., but only about 
40% of the theoretical yield is obtained. 

According to H. Luddens (J. Soc. Chem. Ind., 1891, 10, 758), the 
greater part of the phthalic acid employed in the manufacture of 
eosin and other phthalein dyes is prepared by the direct oxidation of 
naphthalene by chromic acid mixture (sodium dichromate and sul- 
phuric acid), notwithstanding the general impression that phthalic 
acid is destroyed by this reagent. This has, however, now been largely 
superseded by the Badische Anilin- und-Sodafabrik process by which 
phthalic acid used in the production of synthetic indigo, is manu- 
factured. This consists in heating naphthalene with fuming sulphuric 
acid at a temperature of 300° in presence of mercury sulphate, 
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mercury, or its oxides, which act catalytically (English Patent, 18 
221, 1896). 

According to Lossen, the m. p. of phthalic acid is 184°, while Ador 
states that the crystals melt at 213° and the powder at 203°. These 
different results depend on the rapidity with which the acid is heated, 
as a small quantity of the anhydride is formed which lowers the m. p. 
of the rest of the material. Grabe (Ber., 1896, 29, 2806) gives the 
m. p. as about 195°. Neither iso- nor tere-phthalic acid forms an 
anhydride. 

Phthalic acid is readily extracted from aqueous liquids by agitation 
with ether or benzene, but is insoluble in chloroform (distinction from 
benzoic acid). 

When heated to 330° with a single equivalent of lime, phthalic acid 
yields calcium benzoate and carbonate: 2CsH,0,+2CaO=Ca- 
(C,H,O.),+CaCO,+H,O. When heated with a larger proportion 
of lime or other strong base, phthalic acid yields a carbonate and 
benzene: CgH,O,+2CaO =2CaCO,+CoHe. 

By treatment with fuming nitric acid, phthalic acid is converted 
into nitrophthalic acid, CsH,(NO.)O,, but by strong chromic acid 
mixture it is completely oxidised. 

‘By treatment with zinc and acetic acid, phthalic acid is converted 


CH: ‘ ; 
CO yo, diphthalyl, C,6HsO,, being also 


into phthalide, CoH. 
formed. 

When reduced with sodium amalgam phthalic acid gives different 
hydrophthalic acids according to the conditions employed. These 
reduced acids are of considerable stereochemical interest (see Baeyer’s 
researches, Annalen, Vols. 245, 251, 258, 266, 260). 


When distilled with aniline, phthalic acid is converted into phenyl- 
at : JASON ; ; 
phthalimide or phthalanil, CsH «co/ N Ph, a substance which crys 


tallises from alcohol in needles melting at 205°, but volatile at a lower 
temperature. Phthalanil has been recommended as a febrifuge. 

Besides the extensive employment of its anhydride in the production 
of dyes, phthalic acid itself has found valuable application as a means 
of separating certain of the alcoholic constituents of essential oils in a 
state of purity. Thus the acid phthalates of these substances are 
readily prepared and may be differentiated by their solubilities and 
other characters. 


544 PHTHALIC ACID AND THE PHTHALEINS. 


By the prolonged heating of a mixture of glycerin with phthalic 
anhydride or phthalic acid, and distilling the product in vacuo, Watson 
Smith (J.Soc. Chem. Ind., 1901, 20, 1075) obtained diglyceryl triphthalate 
as a transparent vitreous solid, which softens on heating and may be 
employed as a cement for glass and porcelain. It is insoluble 
in almost all solvents, but dissolves to a slight extent in glycerin and 
acetone. 

On heating glyceryl phthalate with resorcinol, fluorescein is 
formed. This is a useful test for the presence of combined 
phthalic acid. 

Qualitative Test.—When phthalic acid (or its anhydride) is fused 
in a test-tube with a little resorcinol and the product is dissolved in very 
dilute sodium hydroxide solution, a strongly fluorescent solution 
(fluorescein) is obtained. 


PHTHALIC ANHYDRIDE. 


. “NCO 
Phthalic Oxide, yo 
Pa gf EO. 

Phthalic anhydride is prepared by heating phthalic acid to about 
200° in a current of air or carbon dioxide, when the anhydride sublimes 
in long, white, pliant, rhombic needles. It melts at 128° and boils at 
284.5° (thermometer in vapour, Graebe, Ber., 1884, 17,1176). Lossen 
Annalen, 1867, 144, 76) gives the b. p. 276°. It is only very slightly 
soluble in cold, but more readily in hot water, and is reconverted into 
phthalic acid by prolonged boiling with water, more readily in the 
presence of alkalies. 

Gaseous ammonia combines readily with phthalic anhydride on warm- 
CoH, <6 DN tae. é ee 
which melts at 233. 5° (Corr.) (Graebe). 

Phthalic anhydride is manufactured extensively for the preparation 
of the class of colouring-matters known as phthaleins, of which the 
various eosins and rhodamine are examples. It is also used in the 
manufacture of synthetic indigo. 


ing, forming phthalimide, 


COMMERCIAL “PHTHALIC ACID.” 


Commercial ‘‘phthalic acid” is the anhydride, and forms beautiful 
long, flat needles, obtained by a process of sublimation. A good com- 
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mercial article should form magnificent flat needles, melt at 128°, be 
completely soluble in benzene, and volatilise completely at a gentle heat. 

Tests for Impurities.—1 grm. of phthalic acid should on heating 
leave behind no weighable residue. A solution of 1 grm. of phthalic 
acid in 25 c.c. of boiling water should only give the very faintest 
opalescence (absence of hydrochloric acid). The following test is 
given by Messner in Lunge’s Chem. Tech. Unt. Meth., Vol. 3, 5th Ed. 
for chlorine compounds (this and the preceding test are of most im- 
portance in the case of phthalic acid prepared from naphthalene by 
means of the tetrachloride). 0.5 grm. of phthalic acid is mixed with 
1 grm. of calcium carbonate, free from chlorine, moistened with water, 
dried and ignited. The residue is dissolved in nitric acid and water so 
as to give a volume of 20 c.c., and the solution tested with silver nitrate. 
There should be only a faint opalescence. To test for benzoic acid in 
phthalic acid, the latter (1 grm.) is shaken with 20 c.c. of benzene and 
the solution filtered. On evaporating the benzene no residue should 
remain. As phthalic anhydride is soluble in benzene, before applying 
this test it must be converted into the acid by dissolving in hot water, 
evaporating and drying at 100°. 

Quantitative Estimation.—1 erm. of the acid or anhydride is dis- 
solved in 20 c.c. of N-sodium hydroxide solution and the solution 
titrated back with N-hydrochloric acid. 1 c.c. of N-alkali=o.0830 
grm. phthalic acid or 0.0740 grm. of the anhydride. 


PHTHALEINS. 


The phthaleins are compounds produced by the action of phthalic 
acid or anhydride on phenols, with elimination of water. ‘Thus, at a 
moderate temperature, 2 molecules of ordinary phenol act upon one of 
phthalic acid or anhydride to form phenolphthalein: 


The action is generally carried out by condensing the 2 substances 
in presence of conc. sulphuric acid or tin chloride at 115 to 120°. When 
equimolecular proportions of phenol and phthalic anhydride are 
heated with sulphuric acid at higher temperatures (above 150°) a 
different action occurs, the two isomeric hydroxyanthraquinones being 
formed. 

Vor. ITI.—35 
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CO,OF 
pce Se 
| | |+H.0 
CNT ae 
ve co 
C.H ca iets + CcsH,.OH as a-Hydroxyanthraquinone. 
asco” rps OS 


CO 
<e (S/N /NOH+HO 


Ces. 
CO 


$-Hydroxyanthraquinone. 


Similarly, when resorcinol, Cs5H,(OH)., is heated with excess of 
phthalic anhydride to about 200° for half an hour, the mixture acquires 
a yellowish-red colour, and contains fluorescein, C,.H,.0Os, the an- 
hydride of resorcinol-phthalein. The melt dissolves in dilute sodium 
hydroxide or ammonia with dark red colour, the solution changing on 
dilution to reddish-yellow and yellow, and exhibiting after dilution a fine 
yellowish-green fluorescence, which is visible in solutions so weak as to 
appear colourless by transmitted light. On acidifying the solution 
and agitating with ether, the fluorescein is taken up, and will be again 
dissolved on agitating the ethereal solution with caustic soda. If 
phloroglucinol be substituted for resorcinol a yellow liquid is obtained, 
while pyrogallol yields a blue; but neither is fluorescent. The blue 
colour due to pyrogallol may be destroyed by cautious addition of 
permanganate, which acts only slowly on fluorescein. Catechol- 
phthalein, formed by gently heating catechol with phthalic anhydride 
and a little sulphuric acid, dissolves in sodium hydroxide solution with 
a fine blue colour.* Quinol-phthalein is prepared in a similar manner 
from quinol. 

As a class, the phthaleins are weak acid substances which are nearly 
insoluble in water, but soluble in alcohol and readily so in ether. 
Their salts with the alkali metals are soluble and strongly coloured. 
By the action of nascent hydrogen, the phthaleins are reduced to the 
corresponding phthalins (see below) which are colourless substances 
capable of absorbing oxygen from the air and regenerating the phtha- 
leins. 


1In the last edition (Vol. 2, part iii, p. 131), quinol-phthalein and quinizarine were 
spoken of as being identical; quinizarine is 1 : 4-dihydroxyanthraquinone, 


CsHs < as > CsH2(OH)>. 
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Commercial name OGG ei (Oe Formula (lactone form) 
nature 
Phenolphthalein _Phenolphthalein....... ne Co6H,.OH 
(Purgen, laxoin, »e « 
laxatol) Ve. O CeH,.0H 
nee Ce6H3(OH), 
Resorcinolphthalein .| Resorcinolphthalein... . oc < 
bo. O Ce6H3(OH), 
EMoresceitantc...1 1: Anhydride of resorcinol-| CsH, Ne age Gate 
phthalein 
c0.0 / “\ cot, (oM/> 
IDO Nae wast oe ooke Tetrabromofluorescein . 
EAS ENT OSII sfyeh ie) ore =~ Tetraiodoeosin ........ 
_NHEt 
Rhodamines,........ Various phthaleins de- Ceo ie 
rived from m-amimo-| 9 g-5 i tN ve Rus 
phenol. (eXey o/ BS a 
aes 
bas de 
NH Et 
Colourless form of diethyl- 
rhodamine. 
OH 
See 
Tee 
Quinolphthalein .....| Quinolphthalein.-..... Lee oe yo 
bats, 
OH 
CoH, Sr C6H.(OH),. 
Gallein..... Pyrogallolphthalein an-| | ck yo 
hydride, CasH:207, | CO.0/  \C6H.(OH). 
O 
It 
< >OH 


C@aerulein emis. ot 


Double anhydride of 
pyrogallolphthalein, 
C20H 1006. 


nie 
PY S65 VE 
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The table on page 547 shows the composition of some of the principal 
phthaleins, the formula given representing in each case the structure 
of the colourless lactone form. The eosins, rhodamines, etc., will be 
dealt with more fully in Vol. 5. Phenolphthalein, gallein and ccerulein 
are described below. 


CoH, \  /CoH,.0H 
PHENOLPHTHALEIN, C..H,,04= | ee 
oro) CsH,. OH. 


Preparation and Properties.—Phenolphthalein is prepared by 
heating together 5 parts of phthalic anhydride, 10 of phenol, and 4 of 
concentrated sulphuric acid during ro hours at 120°. 

The product is boiled with water, and the residue dissolved in dilute 
sodium hydroxide. On filtering the liquid, the anhydride remains 
behind, while the phenolphthalein itself is precipitated on treating the 
filtrate with acetic acid and a little hydrochloric acid. It may be puri- 
fied by dissolving in alcohol, boiling with animal charcoal, and repre- 
cipitating by diluting the liquid with boiling water. 

Phenolphthalein on crystallisation from alcohol is obtained in 
colourless crusts, melting at 250°. It is only slightly soluble in water, 
but is readily dissolved by alcohol and ether. In solutions of alkali- 
metal hydroxides and carbonates, it dissolves with deep red colour. 

Silver nitrate gives a violet precipitate with a solution of phenol- 
phthalein. 

On treatment with sodium hydroxide and zinc dust, phenolphthalein 
assimilates 2 atoms of hydrogen, and is reduced to phthalin, or 
p-dihydroxy-triphenyl-methane-o-carboxylic acid, 


7/GH,-0H 
CO, 8°G.H,: we ten hy OH. 
This substance forms small needles melting at 225°, and is soluble in 
alkali hydroxides without colour, but its alkaline solution is immedi- 
ately turned red by adding potassium ferricyanide, owing to the for- 
mation of phenolphthalein. 

Phenolphthalein is not used in dyeing. It finds some use in medicine 
as a laxative, in doses from r to 5 grains (0.05 to 0.3 grm.), and is sold 
under the names purgen, laxoin, laxatol, and laxen. Its chief interest, 
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however, is as an indicator of neutrality, for which application it is 
invaluable. 


Structure of Phenolphthalein and its Salts. 


OH 
aie A Jods. OH oh SS 
0.07 \cyHty.O1 Net 

Free phenolphthalein (colourless) CO,H.CsH a 
it 2 4 4° 
I 
ie 
Nene 4 
I 
O 


Phenolphthalein in its salts 
(quinonoid form) 


/ CoH,.OH Il 
CO.,H . CoH, GED Cait) ‘ OH 


Phthalin 
III 


Formula I represents the colourless form of phenolphthalein as 
a lactonic derivative of triphenylcarbinol. Its close relationship 
with the triphenylmethane series is clear from its giving phenol- 
phthalin (Formula III) on reduction. While there is little doubt 
that formula I correctly represents the structure of free phenol- 
phthalein, there has been much discussion as to the constitution of its 
salts, which differ from the colourless parent substance in being 
highly coloured. Ostwald suggested in explanation of the striking 
fact that the salts are coloured, that, whereas phenolphthalein itself is 
non-dissociated in solution, existing in the molecular state, the salts 
are dissociated and that the negative ion is the source of the colour. 
In aqueous solution the dissociation 

Phenolphthalein@C,.H,,0,/(red) +H’ 
is so slight that the solution appears practically colourless. If a strong 
base, such as potassium hydroxide, be added, the OH’-ions of the base 
combine with the H’-ions of the indicator to form water and the 
equilibrium expressed by the equation given above is destroyed. 
More phenolphthalein then dissociates until sufficient C,.H,;O,/-ions 
have been formed to produce a red colouration. 

This explanation, although plausible, fails to explain the real diff- 
culty, namely, why the colourless acid should have a coloured ion, and 
is weakened in value by the fact that the evidence for the existence of a 
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common coloured ion even in the case of solutions of different salts of 
the same metal (for example, copper) is by no means conclusive. (For 
a discussion of this point in full see Kayser’s Handbuch der Spektro- 
skopie.) The theory of Ostwald seems, indeed, no longer tenable in 
view of the recent work of Green and King (Ber., 1906, 39, 23653; 1907, 
40, 3724. J. Soc. Chem. Ind., 1908, 27, 3 and 638. Compare R. 
Meyer, Ber., 1907, 40, 3603; 1908, 41, 2446). Instead, the theory 
originally advanced by Nietzki, that a change of structure occurs in 
alkaline solution and that the salts of phenolphthalein are derived 
from the quinonoid form shown in formula II, appears more correct, 
harmonising as it does with modern views as to the origin of colour. 
The main fact on which the proof of Green and King depends is, that 
it was found possible to prepare coloured esters of phenolphthalein, of 
the type 


O 
\ 
% yas 
. f~ 
CO,Me.CsH,. c 
te 
BS ete 5 
OH 


(Phenolphthalein methyl ester.) Coloured. 


Previously all attempts to prepare esters had given merely the colour- 
less lactone ethers. 

Phenolphthalein as an-Indicator.—In the last edition, a some- 
what general discussion of indicators was included under the heading 
“Phenolphthalein.” In view of the fact that this subject is now 
dealt with fully in several works on general analytical chemistry (for 
example, in Lunge’s “Technical Methods of Chemical Analysis”; 
Sutton’s ‘Volumetric Analysis”), the subject will here be considered 
only briefly. 

According to Ostwald’s theory, already referred to, indicators are 
substances which possess a coloured ion. In the case of phenolphtha- 
lein the action supposed to occur in the presence of a trace of alkali 
has already been discussed. The colourless phenolphthalein is sup- 
posed to be a weak acid which is practically undissociated in solution. 
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In presence of a trace of alkali (OH’-ions) red negative ions, C,.- 
H,,;0,/, are liberated. The objections to this view have already been 
referred to. In the case of methyl-orange, a fairly strong acid (methyl- 
orange is the sodium salt of dimethylaminobenzenesulphonic acid), 
the “‘molecule” is assumed to be red and the negative ion yellow. 
The colour of the aqueous solution is a mixture of thetwo colours. The 
addition of a base intensifies the yellow colour by increasing the number 
of negative ions, owing to the union of the OH’-ions with the H’-ions 
of the indicator. When an acid is present the added H’-ions diminish 
the ionisation of the indicator and thus increase the red colour of the 
acid molecule. Owing to the relatively strong acid character of 
methyl-orange, with weak acids the number of H’-ions is too small 
to produce a visible change of colour until a large excess of acid has 
been added. For weak acids, therefore, methyl-orange is not a suitable 
indicator: carbonic acid and hydrogen sulphide do not show an acid 
reaction with this indicator. On the other hand, in titrating weak 
bases the strong acid character of methyl-orange makes it very suit- 
able for use. In the case of litmus, the ionic theory gives an explanation 
similar to that adopted in the case of methyl-orange. The molecule 
of the litmus acid (azolitmic acid) is supposed to be red and the anion 
of the alkali salt to be blue. The colour of the aqueous solution of 
the indicator is a mixed shade intermediate between the two, owing to 
the dissociation being only slight. As the strength of the litmus acid 
is supposed to be intermediate between that of the acids of phenol- 
phthalein (very weak) and methyl-orange (relatively strong), the prop- 
erties of litmus as an indicator are intermediate between those of 
these two substances. 

The alternative theory of indicators, which is more in accord with 
recently observed facts and the theory of colour than the ionic theory, 
assumes that in the case of indicators the free acid of the indicator 
has one colour (in the case of phenolphthaleinit is colourless) and the salt 
of this acid another. The case of the colourless phenolphthalein is 
slightly abnormal because in the formation of the coloured salt a change 
of structure (to the quinonoid form) occurs. With methyl-orange, 
however, the case is simpler, the acid being red and the alkali salts 
yellow. With indicators, such as p-nitrophenol, a similar very great 
difference exists between the colour of the free acid and that of 
the alkali salts: a change of structure has also been assumed to 
occur here. 
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Whatever theory of indicators be adopted, the suitability of a certain 
indicator for titrating a given acid or base depends primarily on the 
‘‘strength’”’! of the acid titrated relatively to that of the acid of the 
indicator. 

The different behaviour of various indicators has been explained 
from this point of view (Ann. Chim. Ph., 1885, [vi], 6, 506) by 
Berthelot, who has pointed out that an acid which can be accurately 
titrated with methyl-orange, a relatively strong acid, is one of which 
the heat-formation exceeds 1o.2 calories. Phenolphthalein, on the 
other hand, which is a very feeble acid, enables any acid to be titrated 
the heat formation of the potassium salt of which exceeds 6 to 7 
calories. With Poirrier’s soluble blue still weaker acids can be ti- 
trated, but the lower limit of its applicability has not been ascertained, 
and its indications are in many cases disturbed by dissociation.” 

R. T. Thomson has investigated the general behaviour of indicators 
of neutrality in a very complete manner, and arranges the various 
indicators in 3 groups,® to which Allen added Poirrier’s soluble blue, 
CLB, as a fourth, thus: 


(A) Methyl-orange (B) Litmus | (C) Phenolphtha- | (D) Poirrier’s sol- 
. group group | lein group uble blue 
Methyl-orange...... HETERO Se erences Phenolphthalein...| Soluble blue, CLB. 
Gochineal Wx.) 25 Pheénacetolin \.)25|\/L urmerictece eee ier eer eee 
Gong orre de rete cra inact ninaae enol ae aes Rosolic acid osc. + ciliqu- eee ee ee 
TEA CTINOU A pe kee nce caso ntfs ss anc. tye ole aL Sloe die ven seers ORS See ERO ORR ane 
UGASOSTIE rcs sae Nes Lo ee eet ate el a hg, 0a) a Ss ble Oe Oe Fea es Tn ee 
Dsamet hy l AMA IM O-A.Z Oe sales anc) at ay s/o hts sass bce ae Fe, epee 

benzene. | 


Broadly, the indicators of the methyl-orange group do not react 
with any but acids of strong affinity, but are sensitive to bases of feeble 
affinities, such as are many alkaloids. Litmus is often an uncertain 


1 This word is used here in its modern chemical sense, which must not be confused with 
the concentration of the acid. 

2 R. Engel states that about 85% of the hydrogen of HsPO4 and H3AsOs is indicated by 
Poirrier’s blue; while concentrated solutions of KBO2, KsPHO3, KePHO2, KCN, and KoCO3 
were found to be approximately neutral. Phenol and chloral behave as monobasic acids 
and resorcinol as a dibasic acid, and all three can be accurately titrated with Poirrier’s blue. 

3 For details of the behaviour of these various indicators, Allen’s paper on ‘‘N eutrality’’ 
should be consulted (Analyst, 1'7, 186, 215; and Pharm. Journ. [iii], 22, 752, 772). Seealso 
G. H. A. Clowes, Amer. J. Pharm., 1904, page 453; Cohn’s Treatise on Indicators and Test- 
papers; Glaser’s monograph (Wiesbaden, 1901); the article by R. Engel, in Moissan’s Traité 
de Chimic Minérale, 1904, 3, p. 494, and the works already cited. 
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indicator of neutrality, as the point at which the change of colour 
occurs does not in all cases correspond sharply with the formation of 
any definite salt. Phenolphthalein is a very delicate and sensitive 
indicator for the strongest as well as for most very feeble acids. 

When intended for use as an indicator, phenolphthalein should be 
employed as a 1% solution in alcohol. A few drops of this solution, 
which keeps perfectly, should be added to the liquid to be titrated. 
The alkali employed may be potassium or sodium hydroxide, but it is 
important that it should be free from carbonate. Hence barium 
hydroxide is to be preferred in many cases, since the insolubility of 
barium carbonate in water ensures the freedom of the solution from 
that compound. ‘The formation of an insoluble barium salt (e. g., 
sulphate, oxalate, tartrate) in the liquid is rather an advantage than 
otherwise, as the pink colouration which marks the completion of the 
titration is observed with greater facility against the white precipitate 
than against white porcelain or other external background. 

Ammonia is not a suitable alkali for use in conjunction with phenol- 
phthalein. Owing to the formation of phenol-di-iminophthalein, 
C,.0H,6N,O., a substance giving a colourless solution with alkalies, 
the results in presence of ammonia are erratic. An approximation to 
the truth can be obtained by operating at as low a temperature as 
possible, and employing a large amount of the indicator, but the 
results are less satisfactory than those readily obtainable by the use of 
other indicators (see J. H. Long, Amer. Chem., 1889, 11, 84; Analyst, 
1890, 15, 38, 52). 

With the aid of phenolphthalein, the great majority of acids can be 
accurately titrated in aqueous solution. The end of the change is 
well defined, especially when the titration is from acid indication to 
alkaline. 

Phenolphthalein is particularly valuable for the titration of com- 
paratively feeble acids, the soluble normal salts of which exhibit an 
alkaline reaction to litmus. In the majority of cases, the point of 
neutrality with phenolphthalein is reached when sufficient alkali has 
been added to replace all the basic hydrogen of the acid, but in other 
cases the neutral point is attained when 1/2 or 2/3 of this amount 
of alkali has been added. 

Such feeble acids as carbonic and sulphydric can be titrated with 
phenolphthalein, the point of neutrality in cold solutions being indi- 
cated by the formation of the compounds NaHCO, and NaHS, re- 
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spectively. On the other hand, aqueous solutions of silicic and boric 
acids are wholly indifferent to phenolphthalein, so that the whole of the 
base present as a silicate or borate is indicated on titration with a 
mineral acid. In presence, however, of a sufficient proportion of 
glycerol (not less than 30%) R. T. Thomson has made the valuable 
observation that boric acid can be titrated by means of phenol- 
phthalein, the salt NaBO, being neutral to that indicator under 
these conditions. 

An important advantage possessed by phenolphthalein is that it 
reacts perfectly in alcoholic solution, and hence allows of the accurate 
titration of many insoluble or sparingly soluble organic acids, including 
benzoic, salicylic, palmitic, stearic, oleic, ricinoleic,t the acids of 
colophony, etc. 

In many cases (as in the estimation of benzoic acid in paregoric) 
phenolphthalein may be conveniently employed with an ethereal solu- 
tion of the acid to be titrated. 

Although phenol and other substances containing an OH group have 
many of-the properties of acids, they do not indicate this character to 
phenolphthalein. This is true of morphine, the molecule of which 
contains a hydroxyl group having a phenolic function, which enables 
it to form compounds with the alkalies, and is the cause of its solubility 
in alkali hydroxides and lime-water. 

In the table given below, which has been enlarged from one 
compiled by R. T. Thomson (J. Soc. Chem. Ind., 1887, 6, 198), the 
figures represent the number of atoms of basic hydrogen displaced by 
sodium or potassium in the form of alkali hydroxide, when a compound 
is formed showing neutrality to the indicator in question. Thus 
when methyl-orange is used in the titration of sulphurous acid the 
neutral point is reached when sodium hydroxide has been added in quan- 
tity sufficient to form the compound NaHSO,; but when phenolphthalein 
is used, the point of neutrality corresponds to the salt Na,SO,. Simi- 
larly, NaH,PO, is neutral to methyl-orange, Na,HPO, to phenol- 
phthalein, and Na,PO, to Poirrier’s blue. 


1 Tn the case of the higher fatty acids, titration in alcoholic solution is necessary not only 
because the acids themselves are insoluble in water, but also owing to the fact that water 
effects partial decomposition of their alkali-metal salts (soaps). 
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BASICITY OF ACIDS AS SHOWN BY DIFFERENT INDICATORS 
WHEN TITRATED IN AQUEOUS SOLUTION WITH 
FIXED ALKALI HYDROXIDE. 


é Methyl- Phenol- Poir- 
Acid oraae plthalein Litmus bier’s 
blue 
— ! = 
Boil- Boil- 

Name Formula Cold Cold ing, Cold tag | Cold 
Hydrochloric... HCl I I I r Te oe 
Nips abano yc HNO; I I I Ft I I 
INDELOUS Sel severe tie HNO: Indicator I —_— I 120 ? 

: destroyed 
Stlpnturics. .eie. H2SO4 2 2 2 2 le =a 2 
Sulphurous..... H2SOz3 I 2 2 
Thiosulphuric, .. H2S203 2 2 2 2 2 — 
Sulphydric..... H2S ° I ° — ol ? 
2 , (dilute) 
IB OriGene theres HsBO3 ° == — ser hy | MAb i 
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While phenolphthalein is a delicate indicator even for feeble acids, 
it is absolutely indifferent to the great majority of organic bases, in- 
cluding even aniline and pyridine. The mydriatic alkaloids (atropine, 
homatropine, hyoscine, and hyoscyamine) form notable exceptions, the 
aqueous solutions of the free bases strongly reddening phenolphthalein. 
This property, however, does not exist in alcoholic solution, a fact 
which marks a curious distinction between these alkaloids and the min- 
eral alkalies, the alcoholic solutions of which react perfectly with phenol- 

1 HBr, HI, and HF (probably) behave like HCl. 
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phthalein. According to E. Leger, cicutine (from Cicuta virosa) and 
codeine are also exceptions to the general rule of indifference of the 
alkaloids to phenolphthalein, and P. C. Plugge states that coniine and 
nicotine also exhibit an alkaline indication. Asa consequence of the 
indifference of most alkaloids to phenolphthalein, their salts react with 
this indicator as if the acids were uncombined, and hence the amount 
of acid in salts of aconitine, cinchonine, brucine, strychnine, morphine, 
quinine, quinidine, urea, etc., operating if necessary in alcoholic 
solution, can be ascertained by titration with standard alkali just as if 
no organic base were present. 

Until comparatively recently, the behaviour of the alkaloids with in- 
dicators had been very incompletely studied, and their titration with 
standard acid was rarely attempted. Where this is desired, phenol- 
phthalein is inapplicable for their direct estimation, in nearly all 
cases; good results are, however, obtained with sparteine and fair 
results with coniine (Kippenberger, Zeit. anal. Chem., 1900, 39, 201). 

Kippenberger (Joc. cit.) has recently studied the degree of accuracy 
obtainable in the case of different alkaloids by direct titration in the 
presence of various indicators. The following table taken from the 
results, gives the most suitable indicator for use in each case. 


Atropine: Lacmoid, uranin. 
Morphine: Cochineal, lacmoid. 
Aconitine: Azolitmin (litmus). 
Veratrine: Lacmoid. 

Thebaine: Jodeosin, cochineal. 
Codeine: Todeosin, lacmoid. 

Emetine: Iodeosin, cochineal. 
Cocaine: Lacmoid. 

Strychnine: Azolitmin. 

Brucine: Cochineal. 

Nicotine: Lacmoid, iodeosin. 
Coniine: Iodeosin, cochineal, lacmoid. 
Sparteine: Hematoxylin. 

Quinine: Azolitmin, hematoxylin. 
Pelletierine (punicine): Cochineal. 
Papaverine: Lacmoid, 

Narcotine: Lacmoid. 

Narceine and caffeine: None suitable. 


The remarkably delicate indicator iodeosin (erythrosine), which 
was introduced by Mylius and Forster (Ber., 1891, 24, 1482) as a 
means of estimating the minute traces of alkali dissolved away from 
glass by the action of water, is particularly useful as an indicator 
in the titration of alkaloids, as for instance in Toth’s method of esti- 
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mating nicotine in tobacco. The methods used in dealing with alka- 
loids will be described in detail in Vol. 6. 

Tetraiodo-phenolphthalein, C,,H,.1,O,, is obtained by the direct 
action of iodine on a solution of phenolphthalein. It forms a pale 
yellow, odourless, tasteless powder, melting at 255° with decomposition 
and evolution of iodine. It is insoluble in water or alcohol, but is 
dissolved by ether and chloroform. It combines with alkalies to form 
soluble salts. 

Tetraiodo-phenolphthalein contains 60% of iodine, which is not 
liberated by the action of alkalies or dilute acids, even on boiling. 
It is employed in medicine under the name of ‘‘ Nosophene,’’ and has 
been found valuable in skin-diseases. ‘‘ Antinosin,’’ the sodium salt 
of nosophene, is a bluish powder which is readily soluble in water, 
and has been found useful as an antiseptic dusting powder and inter- 
nally in catarrh of the stomach and intestines. 

“Endoxine,’’ the bismuth salt of tetraiodo-phenolphthalein, is a 
brownish-red, odourless and tasteless powder, soluble in alkalies with 
bluish-violet colour. It is employed as an internal antiseptic. 

Gallein, C,.H,,0,, obtained by heating pyrogallol and phthalic 
anhydride to 190° to 200°, forms a brownish-red powder, or green 
crystals of metallic lustre which are almost insoluble in water, but 
soluble in alcohol. Gallein is a weak acid, forming with alkalies a 
blue solution which becomes dirty-coloured on standing. Gallein 
dissolves in ammonia with violet colour, and the solution gives violet 
precipitates with metallic salts. 

When heated at 200° with 20 times its weight of strong sulphuric 
acid, gallein loses the elements of water and is converted into: 

Ceerulein, C,.H,.O6, which on pouring the cooled solution into 
water is obtained as an amorphous black precipitate. It is nearly 
insoluble in water (which it colours olive-brown), alcohol, or ether, 
but dissolves .easily in acetic acid. In commerce, ccerulein occurs 
as a thick dark coloured paste. In alkalies it dissolves with beautiful 
grass-green colour, and the solution gives with mordants very stable 
lakes. With strong sulphuric acid ccerulein gives a dirty brown colour. 
On warming ccerulein with ammonia and zinc powder, a brownish- 
red solution is formed, containing cwrulin, C,.H;,0¢. The solution 
is oxidised on exposure to air, the original green colour being restored. 
Ccerulein may be employed in dyeing in the same manner as indigo. 

On treating ccerulein paste with 2 molecules of sodium hydrogen sul- 
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phite (NaHSO,), acolourless compound of the twois formed, which can 
be removed from the unaltered ccerulein by extraction with cold alco- 
hol. The bisulphite compound of ccerulein occurs in commerce as a 
black powder under the name of Cerulein S. It dissolves in water 
with greenish-yellow colour, and on boiling the solution becomes deep 
green, and sulphurous acid is evolved. Acids and alkalies effect the 
same decomposition in the cold. 

Ceerulein and its bisulphite compound are used for dyeing and 
printing cotton fabrics, on which they produce various shades of green. 
The colour is not removed from the fibre by boiling soap or alkali 
hydroxides and is darkened by concentrated hydrochloric acid. The 
most characteristic test for ccerulein is that with a warm acid solu- 
tion of stannous chloride, which turns the fibre brownish-red owing 
to the formation of ccerulin. On then washing with water, or pref- 
erably with a very dilute solution of bleaching-powder, the original 
green colour is restored. 


MODERN EXPLOSIVES. 


By A. MARSHALL, F. I. C. 


Chief Chemical Examiner Indian Ordinance Department. 


Until the latter part of the nineteenth century the only explosive 
used commercially was black gunpowder, a mixture of saltpetre, 
charcoal, and sulphur. Although large quantities of this are still 
used, its manufacture must be looked upon as a dying industry, as 
it is being displaced by modern explosives, the most important con- 
stituents of which are organic compounds containing nitrogen and 
oxygen. The principal of these are nitro-derivatives from cotton, 
glycerol, and aromatic hydrocarbons. 

Modern explosives may be divided into two classes: propellants and 
blasting explosives. The former are used for driving projectiles 
from a firearm, the latter for shattering rocks, etc. 

The old black powder mixture was used for all purposes, for small 
arms or the largest cannon and for blasting, although in comparatively 
modern times changes were introduced, especially in the methods of 
preparing the charcoal and granulating the powder to fit the material 
for the different purposes. Modern explosives, however, differ in com- 
position as well as form and method of manufacturing according to the 
purpose for which they are intended, and an explosive which is in- 
tended for one purpose cannot, as a rule, be used for another. 

Propellant explosives may again be divided into two divisions: 
those used in smooth-bore sporting guns and those for rifled firearms. 
The latter are, of course, used in very large quantities for warlike pur- 
poses by all nations, and have formed the subject of numerous investi- 
gations by commissions and the official and other chemisis of all the 
great powers. ‘These researches have been directed not only toward 
finding the most powerful and effective explosives, but also toward 
ascertaining which are the most safe in use and storage, and to devising 
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tests which will show whether the explosive has been rendered thor- 
oughly stable. As the carrying out of these tests forms an important 
part of the chemical examination of explosives, descriptions of the 
priacipal ones are given below. 


CELLULOSE NITRATES. 


The form of cellulose used for the manufacture of explosives and 
celluloid is almost exclusively cotton, although wood cellulose has been 
used. All commercial nitrocellulose is made by nitrating with a 
mixture of nitric and sulphuric acids, in which the latter usually pre- 
dominates. The nitration is sometimes carried out in earthenware 
pots immersed in cold water, the acid being afterward wrung out in 
centrifugal machines, and sometimes the nitration itself is carried out 
in special centrifugal machines, but recently Sir F. L. Nathan and the 
Messrs. Thomson, of the Royal Gunpowder Factory, Waltham Abbey, 
have introduced a new method known as “‘the displacement process,” 
in which centrifugal machines are dispensed with, and the acids are 
entirely removed by gradual displacement with water (Eng. Pat. 
7269, 1903). The stability and nature of the nitrocotton are con- 
siderably affected by the method used in its manufacture, as also by 
the quality of cellulose employed, and other details of preparation. 
After nitration the material is thoroughly washed, boiled for some days 
with frequeat changes of water (see Robertson, J. Soc. Chem. Ind., 
1906, 25, 624) and pulped in a machine resembling a papermaker’s 
poacher or beating engine, 

Properties of Nitrocellulose.—The true sp. gr. is given by 
Mosenthal as 1.65 to 1.68 (J.Soc. Chem. Ind., 1906, 26,443). Ordinary 
compressed blocks containing much water and air have a sp. gr. of 
1.0 to 1.2, but if highly compressed for blasting purposes it may be as 
high as 1.4. The compressed material resembles wood pulp. When 
it has been gelatinised with a solvent it resembles horn, but is tougher 
and harder. It is slowly saponified by alkalies. It is reduced to cel- 
lulose by potassium and ammonium hydrosulphides, sodium stannate, 
sulphides, polysulphides, and thiocarbonates. It is somewhat hygro- 
scopic. Will showed that if m is the percentage of nitrogen in a 
sample of nitrocotton, and / the percentage of moisture it takes up 
in saturated air at 25°,w+h=14.6+0.1. Even good nitrocellulose de- 
composes at all temperatures, giving off carbon monoxide and nitrogen 
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oxides. The rate of decomposition increases rapidly with rise of 
temperature, and is doubled for every increase of 5°. (Will). 

The cotton used for the manufacture of guncotton for propulsive 
explosives is usually cotton waste obtained from the sweepings of 
cotton mills, but it is first subjected to a thorough purification by 
boiling with sodium hydroxide and bleaching, etc. For the manu- 
facture of cordite for the British Government it is specified that 
the cotton waste shall not contain more than 8% of moisture or 0.8% 
of fat, which is determined by extraction with ether in a Soxhlet ap- 
paratus. It must also be free from pieces of string, metal, and other 
foreign matter, and must not leave more than 1% of ash when ignited. 
It is also very desirable that the material should not contain a large 
proportion of the fine short fibres of cotton known as “fly,” as the 
presence of these leads to the formation of lower nitrates and unstable 
compounds, 

For the manufacture of collodion cotton for the preparation of 
blasting gelatine, cotton waste cannot be used, as the resulting aitro- 
cotton, when dissolved in nitroglycerin, does not produce a sufficiently 
stiff jelly. It is, therefore, necessary to use a long staple cotton 
specially prepared, which is much more expensive than cotton waste. 

When guncotton is to be used for the manufacture of other ex- 
plosives it is usually moulded in hydraulic presses into blocks of various 
shapes containing 30 to 40% of water. When used by itself as a 
blasting explosive it is compressed strongly until it is as hard as hard 
wood and contains about 20% of moisture. That used by the British 
Government is a nitrocotton containing 12.8% of nitrogen mixed 
with a little phenol and calcium carbonate to prevent decomposition. 
Small cylinders of the same material, but dried, are also used as 
primers for firing charges of wet guncotton. Nitrated cotton yarn 
impregnated with rubber solution is also used as a priming charge for 
certain sorts of ammunition. 

Nitrogen.—According to the strength and composition of the 
acids and other conditions of nitration, nitrocelluloses can be obtained 
with very different proportions of nitrogen and differing in many of 
their properties. It is possible in the laboratory to prepare a gun- 
cotton containing 14% of nitrogen, which almost agrees with the 
formula for the trinitrate CsH,(NO,),O0,, but this compound is very 
unstable and breaks down even on standing at the ordinary tem- 
perature for a few weeks, leaving a lower nitrate. (See Lunge and 
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Bebie, J. Soc. Chem. Ind., 1901, 14, 514.) On the manufacturing 
scale it is hardly practicable to produce a nitrocellulose con- 
taining more than 13.5% of nitrogen, and commercial guncotton 
seldom contains more than about 13%. The guncotton used for 
making cordite is specified to contain 12.8 to 13.1%. Nitrocottons 
used for making some other smokeless powders for sporting and 
military purposes generally contain percentages of nitrogen from 12.4 
up to 12.8%.~ Collodion cotton for blasting gelatine contains 12.0 to 
12.3%, for celluloid, varnish, and artificial silk still lower nitrates are 
used. Various writers have endeavoured to classify nitrocelluloses 
according to their chemical formule; assuming the celluloid molecule 
to be of some particular size, CsH,.O, or C;,H2.O10 or C,,4H 40020, 
they have divided the nitrocelluloses into tri- and di-nitrates, or penta-, 
tetra-, and tri-nitrates, etc., but as no fixed limits can be drawn between 
the different classes, and products can be obtained with any desired 
percentages of nitrogen, it is better to specify the nitrocelluloses 
according to their percentages of nitrogen, solubility in ether-alcohol, 
and other properties. (See Sapojnikow, Zeits. Schiess-Sprengstoffwesen, 
1909; 4, 441, 462). 

Detection of Nitrocellulose.—This depends whether the sub- - 
stance has been gelatinised with a solvent or not. Practically all 
propellants contain nitrocellulose wholly or partly gelatinised. Many 
of them consist practically entirely of nitrocotton, and most of them 
contain at least 50%. The form of cellulose used is almost invariably 
cotton, but wood cellulose has been employed in the manufacture of 
Schultze powder and some others. Colloided nitrocellulose can be 
recognised by its hard, tough nature; unless mixed with liquid material, 
such as nitroglycerin, it is as tough as horn. It may be distinguished 
from other substances by the fact that it is insoluble in water, alcohol, 
or ether, but soluble in acetone and ethyl acetate. The various nitro- 
cottons can be distinguished from one another, after isolation, by 
the percentage of nitrogen and of matters soluble in a mixture of 
alcohol and ether. 

Ungelatinized nitrocellulose can be recognised by the structure 
of the fibres, which is almost the same as that of the unnitrated mate- 
rial. There is, however, a distinct difference in colour when the fibres 
are examined in polarised light. 

Estimation of Nitrocellulose.—This is usually done by extracting 
the explosive with one or more, of the solvents, in which nitrocellulose 
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is insoluble ard the weighing the residue of nitrocellulose. The first - 
extraction is nearly always with ether, and in many cases no further 
extraction is needed. If mineral nitrates are present, a further 
extraction with water is necessary, and in many cases an extraction 
with benzene is required to remove organic substances. About 2 
grm. of the explosive are weighed out into a filter-paper or thimble 
and extracted in a Soxhlet with ether (sp. gr. 0.72). The filter-paper 
and contents are then dried in a water-oven to constant weight, and the 
weight of the filter-paper or thimble is deducted. The material 
used for this analysis should be so finely ground, that it passes 
through the finer sieve of the nest used for the heat test. This material 
should be allowed to soak in the ether all night and then extracted 
with it for about 2 hours. 

In some cases, if the percentage of nitrogen in the nitrocellulose is 
known, it may be estimated indirectly by a nitrogen determination. 

Examination of Nitrocellulose.—The estimation of nitrogen 
in guncotton is generally carried out by means of a Lunge nitrometer 
provided with a cup and graduated from about 100 to 150 c.c. It is 
filled with mercury, the bottom of the tube being connected by means 
of rubber tubing with canvas insertion to a compensating tube. The 
guncotton is dried in a water-bath to constant weight, 0.5 grm. or 
more is weighed out, according to the percentage of nitrogen, pre- 
cautions being taken that moisture is not absorbed during the weighing, 
as the material is very hygroscopic. It is then transferred to the cup 
of the nitrometer, and 5 c.c. of concentrated sulphuric acid are added. 
The material is stirred from time to time with a small glass rod until 
it dissolves, which takes about 1/2 hour. Then it is allowed to 
run into the nitrometer, and is rinsed in several times with sulphuric 
acid, using for this purpose 10 c.c. The bulb is then shaken vigor- 
ously so as to bring the mercury and acid into intimate contact. After 
a short time nitric oxide is evolved. The shaking is continued until 
the evolution is practically complete. Then the nitrometer is allowed 
to stand until the acid and mercury have separated from one another 
and the shaking is repeated. After standing for about 1/2 hour 
to cool, the volume is read as also the temperature and barometric 
pressure, the volume is corrected to N. T. P., and the percentage of 
nitrogen in the guncotton is calculated. In this as in all operations 
with the Lunge nitrometer the result depends to some extent on the 
exact method of shaking, and it is only after some practice that the 
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operator can obtain results approaching the theoretical. Beginners 
almost invariably obtain results which are too low. 

Berl and Jurrissen cairy out the reaction with acid and mercury in 
a separate vessel and claim that thereby a more accurate result is 
obtained. (Zeits. ang. Chem., 1910, 23, 241; Zeits. Schiess-Spreng- 
stoffwesen, 1910, 5, 61.) 

The Schultze-Tiemann method is also used extensively in many 
laboratories for the estimation of nitrogen. It usually gives results 
0.1 or 0.2% higher than the Lunge nitrometer. It is specially useful 
for the analysis of guncottons that have not yet undergone purification 
by boiling, as the nitrometer gives very low results for these. They 
evidently contain some unstable impurities, which interfere with 
the reaction of the mercury. The following are the details of the 
method as it is carried out at the Dartford factory of Messrs. Curtis’s 
and Harvey: 

0.5 grm. of the dry nitrocellulose and 30 c.c. of boiling water are 
introduced into a flask of about 200c.c. capacity fitted with rubber cork, 
through which pass two tubes. One of these leads into the lower end 
of a graduated tube of 150 c.c. capacity and the other is used to intro- 
duce liquid into the flask. Both tubes have rubber connections which 
can be closed by means of pinchcocks. Air is expelled from the flask 
and tubes by boiling the water in it energetically for some time, and 
the pinchcocks are closed. Then the graduated tube is placed in 
position, 20 c.c. of hydrochloric acid and 20c.c. of strong ferrous chloride 
solution are boiled up in a test-tube and then the contents are drawn 
into the flask, care being taken not to admit any air: A little boiling 
water is added to wash out the test-tube, the admission tube is closed 
by means of its pinchcock, the contents of the flask are gently boiled, 
and the other tube leading to the measuring tube is opened. The gas 
comes off and passes into the measuring tube, which has been filled 
with strong sodium hydroxide solution and stands in a bath of the 
same liquid. The evolution lasts about 15 minutes. Some more boil- 
ing water is then run into the flask to wash down any particles of unat- 
tacked nitrocellulose and the contents are then boiled again, this pro- 
cedure being continued until there is no further evolution of gas. The 
orifice of the graduated tube is then covered with the thumb or finger 
protected with a rubber finger stall, and removed to a large cylinder 
containing water, where it is allowed to cool. The tube is adjusted 
so that the water is at the same level inside and out, the volume of 
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nitric oxide is then read, corrected for temperature and pressure, and 
calculated to percentage of nitrogen. 

See also Jacqué (Report of Sixth Int. Cong. Ap. Chem., Vol. 1, 
page 265). 

The Dumas method can also be used if precautions are taken 
to prevent the nitrocellulose from burning too rapidly: it must be 
mixed with a large quantity of inert material. The method is, however, 
seldom used for this purpose. 

Solubility.—All nitrocelluloses are soluble in acetone, ethyl-acetate, 
amyl acetate, and some other organic solvents. They are all insoluble 
in water and benzene, and all but the very low nitrated products are 
insoluble in either pure ether or alcohol, although commercial nitro- 
celluloses give up a small amount of fatty matter to ether, and resinous 
matter and decomposition products to alcohol. It should, however, 
be noted that commercial ethers usually contain a small proportion of 
alcohol, and if an ether of this kind be used, some of the nitrocellulose 
will be dissolved. The sp. gr. of ether used for extracting fatty matter 
and nitroglycerin from nitrocellulose should not exceed 0.720. 

The different nitrocelluloses are characterised by different degrees 
of solubility in a mixture of ether and alcohol. The highest nitrated 
products are practically insoluble in the mixed solvents. Guncottons 
containing 13% of nitrogen give up about 8 or 10%, and as the per- 
centage of nitrogen further falls and the solubility rapidly increases 
until with nitrocottons containing about 12.3% solubility is practically 
complete. The degree of solubility is, however, not conditioned solely 
by the percentage of nitrogen, but also depends upon the proportions 
of nitric and sulphuric acid used in nitration, and other details of 

preparation. For further details regarding this, see Lunge and Wein- 
traub (Zeits., ang. Chem., 1899, 12, 441). 

Solubility Determination.—The solubility of a guncotton in ether- 
alcohol depends to a certain extent upon the composition of the solvent 
used and theotherconditions. It is, therefore, necessary to describe the 
exact method of carrying out the test. For testing the guncotton used 
in the manufacture of cordite the English War Department lays down 
the following rules: 

50 grains (3.3 grm.) of the air-dry guncotton are weighed out and 
transferred to a stoppered graduated cylinder of 200 c.c. capacity. A 
mixture is made of two volumes of ether to one of alcohol, 80%, 
and 150 c.c. are poured on to the guncotton and occasionally 
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agitated with it for about 6 hours at 15.5° and then allowed to settle. 
75 c.c. of the clear liquid are then transferred to a small weighed 
flask, the greater part of the ether and alcohol is distilled off, and the 
remainder is driven off by heating in a drying oven the temperature 
of which is not more than 49° (120° F.), the drying being continued 
until the weight is constant. The quantity of soluble matter must 
not be greater than 12%. 

This method cannot fail to give somewhat high results, as the whole 
of the solvent cannot be driven off in the manner prescribed. This, 
however, is not a matter of importance as the results are only intended 
to be comparative. A more serious objection to the test is that the 
results depend very largely upon the nature of the ether used, and no 
directions are given for selecting it. Methylated ether contains con- 
siderable proportions of ethyl methyl ether and dimethyl ether, which 
have considerably greater solvent action upon guncotton than diethyl 
ether; and it also contains alcohol and water in various proportions. 
Constant results can only be obtained, therefore, if each supply of 
ether is tested upon a standard sample of guncotton. But even if 
2 ethers give the same result with one sample of guncotton, they will 
not necessarily give the same result with another, which has been made 
by a different process. 

The English official method given above is intended principally for 
nitrocelluloses, which are only slightly soluble in ethyl alcohol; with 
those that are almost entirely soluble it is better to weigh the undis- 
solved residue instead of the dissolved matter. For the soluble nitro- 
cellulose used for the manufacture of the United States nitrocellulose 
powder the official method is as follows: 

1 grm. of the finely divided dry sample is treated with frequent 
stirring, in a covered beaker or other suitable vessel with 350 c.c. of 
a mixture of pure ethyl alcohol and pure ethyl ether, the sp. gr. of the 
mixture to be from 0.748 to 0.750 at 20°. The vessel is kept covered 
to prevent loss by evaporation. The residue is allowed to settle and 
the supernatant liquid siphoned off. The extraction with ether- 
alcohol solution is repeated twice: the insoluble residue is poured into 
a tared Gooch crucible having a thin asbestos filter, and well washed 
with ether-alcohol. The residue is then partially dried at 80°, and the 
drying completed by exposure to a temperature of 100° till the weight 
is constant. The % of insoluble matter subtracted from roo gives the 
% of soluble nitrocellulose, which must be at least 95%. If “‘soluble 
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nitrocellulose” is to be determined in a nitrocellulose containing con- 
siderably less than 95%, the determination is made on 0.5 grm. or less. 

Matter Insoluble in Acetone.—The matter insoluble in acetone 
consists mostly of unnitrated or very imperfectly nitrated fibres. To 
determine it, 2 grm. are treated with about 150 c.c. of acetone for 6 or 
8 hours with occasional shaking. It is then allowed to stand over- 
night and the clear liquid is carefully decanted off. The residue is 
washed several times by decantation with acetone, then transferred to a 
tared filter, washed again, dried in the water-bath, and weighed. 

Unnitrated fibre is sometimes estimated by repeated treatment 
with sodium sulphide solution, which attacks the nitrocelluloses, but 
leaves the unnitrated cellulose unaffected. Lunge and Weintraub, 
however, found the method unsatisfactory, and recommend instead the 
use of sodium ethylate, which acts in a somewhat similar manner. 
(Zeits. ang. Chem., 1899, 12, 473). The method is specially useful in 
the case of products which contain a considerable proportion of matter 
insoluble in acetone. 

In 100 c.c. of ordinary alcohol dissolve 3 grm. of sodium, and if the 
liquid is not quite clear, filter. Add too c.c. of acetone, and of the 
mixture set aside, 5oc.c. Into the remaining 150 c.c. introduce about 
5 grm. of the nitrocellulose. The action is hastened by warming on a 
water-bath to 40 or 50° with occasional agitation. In 20 or 30 
minutes the action is complete; the brownish-red liquid is allowed to 
settle, and decanted through a small filter-paper, and the precipitate 
is washed by decantation with alcohol to remove any condensation 
products of acetone. The brown solid is then removed by treatment 
with water and the residue is washed, first with hot water, and then 
with water containing a little hydrochloric acid. If the amount of 
unnitrated cellulose is considerable or if a high degree of accuracy is 
not desired, this first treatment may suffice. The cellulose contained 
evolves no gas in the nitrometer, but gives a strong reaction with 
diphenylamine, showing that traces of nitrocellulose are still present. 
It may, therefore, be desirable to repeat the extraction. For this 
purpose the residue is first washed with alcohol to displace the water, 
and is then washed off the filter with a 50 c.c. of the acetone ethylate 
solution set aside as above. The remainder of the above treatment is 
then repeated and finally the cellulose is washed with water, dried at 
100°, and weighed. It now only gives a slight blue colouration with 
diphenylamine. The cellulose residue should only have a very slight 
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brown colour, which may be removed by treatment with bleaching 
solution. A good nitrocellulose contains hardly any unnitrated fibre. 

Free Acid and Alkali.—These may be determined by extracting 
the finely divided material with hot water, filtering, and titrating in 
the usual way. Very thorough washing is necessary, as the material 
has the property of adsorbing considerable quantities of acid and 
alkali. When testing for minute traces it is necessary to carefully 
examine the water and other materials used. 

Nitrocellulose usually contains more or less calcium carbonate, 
which has either been added intentionally or has been precipitated 
from the water used for boiling the material during the purification. 
To determine this digest a known weight of the sample with a known 
volume of standard hydrochloric acid, filter, wash thoroughly and 
titrate, using methyl-orange or other suitable indicator. 

Discolouration.—Really pure nitrocellulose when ungelatinised is 
quite white, but it has often a slight brown tint due to oxide of iron pre- 
cipitated in the fibres during manufacture. When stored in a wet 
condition it frequently becomes quite black, especially on the surface, 
in consequence of bacterial action. The bacteria, however, attack 
mostly the paper or other organic material in contact with the nitrocel- 
lulose. This discoloured nitrocellulose generally gives a low heat test. 

Ash.—The guncotton is mixed with paraffin wax and paraffin oil 
in a large crucible, which is set alight, a small flame being kept going 
underneath. As the mixture burns away, more wax is added from 
time to time. The flame must not be allowed to come in contact with 
the guncotton itself until it has been broken down by the heat. Finally 
the crucible is ignited to destroy all organic matter, cooled and weighed. 

Microscopic Examination.—It is best for this to embed the mater- 
ial in Canada balsam or moisten it with 50% alcohol. In polarised 
light the fibres appear of various colours depending upon the degree of 
nitration and conditions of manufacture, and can readily be dis- 
tinguished from unnitrated cellulose and foreign matter. For details 
of this and other optical properties see Mosenthal (J. Soc. Chem. Ind., 
1907, 26, 1). 

Sulphuric Esters.—It was shown by Cross, Bevan, and Jenks 
(J. Soc. Chem. Ind., 1905, 24, 379; Ber., 1901, 34, 2496) that during 
the process of nitrating cotton a small proportion of mixed sulphuric- 
nitric esters of cellulose are formed, and it was demonstrated by Hake 
and Lewis (J. Soc. Chem. Ind., 1905, 24, 374) that these bodies are 
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considerably less stable than the pure nitric esters. They are de- 
composed only very slowly by boiling with alkaline water, but are 
very readily hydrolised by acid. Hence the necessity of having the 
first waters acid in the boiling of guncotton (see Robertson, J. Soc. 
Chem. Ind., 1906, 25, 624). 

To ascertain the amount of combined sulphuric acid in nitrocotton 
take 5 grm. of it, weigh, and allow it to stand for 48 hours under a 
bell-jar over strong nitric acid. Then wash with water and estimate 
the sulphuric acid by precipitation with barium chloride. In a 
separate portion estimate the amount of mineral sulphate by extracting 
with water and estimating as barium sulphate in the usual manner and 
deduct. Instead of nitric acid, glacial acetic acid may be used, but 
in this case it is necessary to treat with the acid fumes several times. 

Viscosity of Solutions of Nitrocellulose.—In the case of collodion 
cotton to be used in the manufacture of blasting gelatine it is necessary 
that the solution in nitroglycerin be a stiff semisolid. Different 
samples of collodion cotton differ very greatly as regards this property. 
The easiest method for ascertaining whether a given sample will 
produce a stiff blasting gelatine is to dissolve it in a suitable solvent, 
and determine the viscosity of the solution. The solvent generally 
used is either acetone or ether-alcohol. The former dissolves all 
nitrocelluloses, whereas the latter dissolves practically the same ones 
as nitroglycerin. A solution of 1% strength or other convenient 
concentration is made up and allowed to settle. The viscosity is 
determined by means of a 50 c.c. pipette, with a mark above the bulb 
and another below it. The time is measured that is required for the 
surface of the liquid to fall from the upper to the lower mark, when 
the liquid is running freely from the orifice, the temperature being 
kept at 15° or other suitable fixed point. The orifice must be adjusted 
to a suitable size, and then the instrument must be kept carefully for 
these measurements. The time is compared to that occupied by water 
to flow from the orifice in the same manner. 

An objection to this method is that the orifice is liable to become 
stopped wholly or partly with particles of fibre. To avoid this some 
workers prefer to take the time occupied by a small glass bulb to rise 
through a column of the solution of a given height. 

For making blasting gelatine and other similar explosives the 
viscosity should be high, as already stated. For artificial silk, on the 
other hand, it should be low, and for some other purposes, such as the 
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preparation of collodion solution for dipping incandescent mantles, 
an intermediate value is required. 
Stability Tests.—For these see below, end of chapter. 


NITROGLYCERIN. 


When strong glycerol is gradually added to a well-cooled mixture 
of very strong nitric and sulphuric acids, it is converted into propenyl 
nitrate, or nitroglycerin, formerly called ‘‘glonoin oil.”” When great 
care is taken, nearly the theoretical yield is obtainable; but if the 
temperature is allowed to rise, a more complex reaction ensues, with 
formation of oxalic acid, glyceric acid, etc., and if the action is very 
violent, spontaneous explosion may take place. This may also occur 
if the glycerol is impure. 

For the latest methods of manufacture see Nathan and Rintoul, 
(J. Soc. Chem. Ind., 1908, 27, 193). After separation from the acid 
mixture the nitroglycerin is washed with water, then with dilute sodium 
carbonate solution, and finally with water again. 

Nitroglycerin is a heavy oily liquid which when pure is colourless, 
but the commercial product is yellow. Its sp. gr. is 1.60 at 15°, 
but on freezing it contracts 8.3% of its volume. It is slightly volatile; 
the vapour tension at 70° was found by Marshall (VJ. Soc. Chem. Ind., 
1904, 23, 154) to be 0.005 cm. of mercury at 70° which is practically 
_ the same as that of mercury. It is not hygroscopic and is almost 
insoluble in water. It is also insoluble in glycerol and petroleum 
spirit. It is readily soluble in ether, ethyl acetate, acetone, ethyl and 
methyl alcohol, chloroform, glacial acetic acid, amyl alcohol, ben- 
zene, toluene, nitrobenzene, phenol, olive oil, and sulphuric acid. 
It dissolves less readily and with partial decomposition in carbon 
disulphide, nitric acid, and hydrochloric acid (see Elliott, School of 
Mines Quarterly, 4, 15). 

The true freezing-point of nitroglycerin was found by Nauckhoff 
(Zeits. ang. Chem., 1905, 16) to be 12.3°, but that of the commercial 
product is frequently some degrees lower in consequence of the 
presence of dinitroglycerin. Nitroglycerin shows the property of 
supercooling very markedly, and nitroglycerin explosives can often be 
kept for long periods at temperatures below o° without freezing. (See 
also Kast, Zeits. Schiess-sprengstoffwesen, 1906, 1, 225.) 

Solid frozen nitroglycerin is less sensitive to shock than the liquid, 
but when half frozen it explodes easily, and is consequently very 
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dangerous; moreover, the freezing of the nitroglycerin in composite 
explosives tends to cause it to separate from the other constituents 
and form a liquid layer on the surface when it melts again. This 
phenomenon, known as “‘exudation,” is also a source of danger. To 
prevent the freezing of the nitroglycerin it has been proposed to add 
to it various substances which depress the freezing-point in ac- 
cordance with van’t Hoff’s law. Among the substances which have 

been proposed for this purpose are nitrobenzene, nitronaphthalene, 
” dinitroglycerin, dinitromonochlorhydrin, and nitrates of polymerised 
glycerol. 

Nitroglycerin has a very powerful physiological effect. Merely 
handling it or entering a house containing it will often give a violent 
headache to anyone not accustomed to it. 

Detection.—If some of the dry explosive (1 to 5 grm.) is placed in 
a dish on a boiling water-bath, and the dish is covered over with a 
glass beaker or funnel, after an hour the glass will be found to be 
clouded with minute drops of nitroglycerin, if any is present. The 
appearance is very characteristic, and quite distinct from that of the 
large drops of liquid which may be formed in consequence of the 
presence of water or organic solvents. 

Nitroglycerin can also be detected by extracting with ether, evapora- 
ting off the solvent, and examining the residue. If the residue is a 
viscous liquid readily soluble in 80% methyl alcohol, but insoluble in 
water, it is probably nitroglycerin. Absorbed by filter-paper and 
ignited, it will burn quietly with a peculiar green flame. 

Examination.—Nitroglycerin as such is not allowed to be transported 
out of the factory at which it is made, and for extra security it is usual 
to mix it as soon as possible with guncotton or some other material 
which renders it less sensitive. Consequently the examination of 
commercial nitroglycerin is hardly ever carried out, except in the 
factory. 

The percentage of nitrogen may be ascertained by weighing out 
0.32 to 0.35 grm. into a small beaker, dissolving it in sulphuric acid 
and introducing it into the Lunge nitrometer, as described above, 
under Nitrocellulose. The theoretical percentage is 18.53. The 
results obtained are usually 0.1 to 0.2% lower than. this, principally 
in consequence of the error of the process. If the percentage of nitro- 
gen is very low, it shows the presence of dinitroglycerin or some 
other impurity. 
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To determine the alkalinity take 20 grm. shake up with 50 c.c. of 
water, and titrate with N/1o sulphuric acid, using methyl-orange as 
indicator. For nitroglycerin used in the manufacture of cordite, it is 
specified that the alkalinity shall not exceed 0.01% calculated as 
sodium carbonate. 

Moisture may be determined by weighing out about 5 grm. into a 
small dish and allowing it to stand at the ordinary temperature over 
calcium chloride in a desiccator, which may be evacuated if preferred. 

Stability Tests—The only test usually applied is the Abel heat 
test, g. v. Guttmann’s cannot be utilized with explosives containing 
nitroglycerin. 

Estimation.—In consequence of the volatility of nitroglycerin it is 
not practicable to weigh it after extracting it by means of a solvent 
from a composite explosive. When possible it is therefore estimated 
by difference, but in many cases it is very desirable to estimate the 
nitroglycerin directly. Ifit is known that no other substance is present, 
which will evolve nitrogen in the nitrometer the percentage of nitro- 
glycerin can be deduced from a nitrogen determination on the explosive. 
Or if the amount of nitrogen due to other nitric esters or nitrates is 
known, it is still possible to calculate the percentage of nitroglycerin. 
Silberrad, Ablett, and Merryman (J. Soc. Chem. Ind., 1906, 25, 628) 
have worked out a method for the direct estimation of nitroglycerin 
which is as follows: 

A weighed quantity of the ground cordite, or other explosive suf- 
ficient to yield 1.5 grm. of nitroglycerin, is placed in a thimble in 
the extractor A (Fig. 19), which is fitted up as shown. 80 c.c. of 
absolute ether is poured into the flask and extraction is carried out in 
the usual manner. After the extraction is complete the thimble con- 
taining the nitrocellulose, etc., is washed with a little fresh ether, 
and removed from the extractor, a little ether being left in the latter. 
The absorption flasks, C, containing 10 c.c. of N/1o acid, are now 
affixed, and excess of sodium ethylate (about 50 c.c. of a solution 
prepared by dissolving 5 grm. of sodium in roo c.c. of absolute alcohol) 
is run into the flask little by little through the side tube D. About 
to c.c. of ethylate solution are also blown up through the stopcock, E, 
into the extractor. The reaction takes place rapidly and is completed 
by warming on the water-bath for about 6 hours; its course may be 
followed by periodically drawing off small samples by means of the 
tap, E, filtering them and examining them for nitroglycerin by means 
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of diphenylamine in sulphuric acid. The ether is then distilled up into 
the extractor and run off by means of the tap, and the apparatus is 
cleansed of vapour by blowing air through. The residue} in the 
flask is dissolved in water and transferred to a 150 c.c. flask, the wash- 


ings of the flask and extractor are added, and the volume of liquid is 
made up to the mark. 50 c.c. of the solution are then transferred to 
the flask, F, of the reduction apparatus (Fig. 20), 50 grm. of a 
mixture of powdered zinc (2 parts) and reduced iron (1 part) are 
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added together with 50 c.c. of 4% sodium hydroxide solution, 60 c.c. 
of N/ro acid being placed in the absorption flasks, H. After the 
apparatus has stood in the cold for 1 hour, the contents of the flask 
F are boiled. After boiling for 1 hour a current of one air is passed 
through for 1 1/2 hours, boiling being still continued. For the last 


1/2 hour there should be no water in the condenser. The excess of 
standard acid is then titrated back. Eachc.c. of N/10 acid corresponds 
to 0.007567 grm. of nitroglycerin. The experimental error does not 
exceed 1%. 


DINITROGLYCERIN. PROPENYL DINITRATE. 


This compound might be made by nitrating glycerin in a similar 
manner to ordinary nitroglycerin except that a smaller proportion of 
nitric acid is used. The substance resembles the trinitrate in most 
respects, but is readily soluble in mineral acids and water. This 
causes considerable difficulties in the separation from the acids and in 
the purification, and it is necessary to have recourse to some elaborate 
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process, such as diluting the acids with water, then neutralising with 
calcium carbonate and extracting with ether, and then distilling off 
the ether. (See Escales, “‘Nitroglyzerin und Dynamit,” page 180, 
Leipzig, 1908.) 

Dinitroglycerin is a colourless or light yellow, odourless oil, sp. gr. 
1.47 at 15°. Under 15 mm. pressure it -boils constantly at 146°. 
It freezes to a glass-like mass at temperatures under —30°. It dissolves 
in about 20 parts of water at 15°, and more readily in dilute acid. It is 
less easily exploded than ordinary nitroglycerin either by blow or 
heat. It gelatinises collodion cotton even in the cold. A mixture 
with an equal quantity of trinitroglycerin remains liquid at 20°, a 
mixture with two parts freezes at 12°. It is not quite such a powerful 
explosive as nitroglycerin. 


MIXED ESTERS OF GLYCEROL. 


These could be made by the action of acids, such as hydrochloric, 
acetic, or oxalic, upon dinitroglycerin, but as this latter substance is 
difficult to manufacture, it is better to first make the glycerin ester of 
the acid in question and then nitrate with sulphuric and nitric acids. 

The ester groups may be detected and estimated by the usual 
methods. 

Dinitromonochlorhydrin, C,H.Cl(NO,),, is made by nitrating 
monochlorhydrin (Roewer, Zetts. Schiess-Sprengstoffwesen, 1909, I, 229). 
It is a yellowish mobile liquid of slightly aromatic odour. It is soluble 
in organic solvents, such as ether, alcohol, acetone, and chloroform, 
but insoluble in water and acids. The sp. gr. is 1.54 at 15°. Under 
atmospheric pressure it boils at 190° to 193° with some decomposition. 
Under 15 mm. it distils at 121 to 123°, giving an almost colourless 
distillate. It is not hygroscopic, and does not freeze at 25 to 30°. It 
dissolves collodion cotton very readily. An addition of 20% to nitro- 
glycerin produces an explosive which is practically unfreezable. The 
mixture of nitroglycerin and dinitromonochlorhydrin is best made by 
nitrating a mixture of glycerin and chlorhydrin. 


NITRATES OF POLYMERISED GLYCERIN. 


It has been found by Will that if glycerol is heated at 290° for 7 or 8 
hours under a condenser, which will allow water vapor to escape but 
condense any glycerol vapor and return it to the vessel, the material is 
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partly converted into “‘diglycerol” C;H,(OH),.0.C;H;(OH)., and if 
this is then nitrated in the usual way a nitroglycerin is obtained contain- 
ing 20 to 25% of tetranitro-diglycerin. This mixture resembles 
ordinary nitroglycerin in all respects except that it freezes less readily 
(Zeits. Schiess-Sprengstoffwesen, 1906, I, 231). 

Glycerol can also be polymerised by the action of hydrochloric acid. 

These derivatives of nitroglycerin have not been used at all exten- 
sively hitherto. Before they are manufactured on a large scale it is 
essential that prolonged trials be carried out to ascertain if they possess 
a sufficient degree of chemical stability. 


PICRIC ACID. 


This substance is the final product of the action of nitric acid on a 
large number of substances containing a benzene nucleus just as 
oxalic acid is the result of the oxidation of many bodies of the fatty series. 
Picric acid is obtainable from indigo, aloes, gum-resins, wool, silk, 
etc., but.the common idea that the yellow colour produced by nitric 
acid on animal tissues, such as skin, wool, etc., is due to the production 
of picric acid is erroneous: it is due to the formation of xanthoproteic 
acid. 

Picric acid was formerly prepared by the direct action of nitric acid 
on phenol, but is now made by first dissolving the phenol in strong 
sulphuric acid and then acting on the resulting phenolsulphonic acid 
with excess of nitric acid. Mono- and dinitro-phenol may result if 
the action is not carried far enough. Picric acid separates from the 
acid mixture as an oily liquid, which solidifies on cooling. It is 
purified by recrystallisation from water. 

Picric acid may also be prepared by acting on phenoltrisulphonic 
acid with sodium nitrate. 

Picric acid forms pale yellow, crystalline needles or scales, of an 
intensely bitter taste and sp. gr. 1.777. The pure acid melts at 
122° and the common at a lower temperature to a brownish-yellow 
oil, which at a higher temperature partially sublimes, and boils with 
formation of yellow, bitter, suffocating vapours. The lower m. p. of 
impure picric acid is probably due to an admixture of dinitrophenols 
or of a nitrocresol. Hence the m. p. of picric acid is a test of its 
purity. 

When strongly heated, picric acid burns rapidly with formation of 
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an intensely black smoke. It does not explode when heated under 
ordinary conditions, but it can be made to explode by allowing it to 
fall into a tube heated to a red heat. The disastrous explosion which 
occurred at the factory of Griessheim-Elektron showed that it could 
detonate without the use of a detonator, and the subsequent catas- 
trophe at Woolwich Arsenal confirmed this. 

Picric acid can be detonated by a blow, a charge of 5 grains of 
mercuric fulminate sufficing to determine the explosion. The de- 
tonation of one charge will cause the detonation of neighboring 
quantities, and even wet picric acid can be exploded by this means. 
Metallic. picrates, and notably lead picrate, or even an imperfect 
mixture of picric acid with lead oxide or nitrate, will detonate violently 
when heated, and the explosion will induce the detonation of neighbor- 
ing quantities of picric acid or picrates. This property of the picrates 
has led to their employment in several detonating and explosive 
mixtures. Disastrous fires and explosions have occurred through the 
negligent handling and storage of picric acid. 

Picric acid is soluble in about 15 parts of boiling water, but it 
requires 26 parts at 76° and 86 at 15°. The solution is intensely 
bitter, bright yellow, and reddens litmus. In a stratum 1 inch in 
depth, the yellow colour of a solution of 1 part of picric acid in 30,000 
of water is distinctly visible. The yellow colour of picric acid solutions 
is intensified by neutralisation with an alkali. A cold aqueous solution 
of picric acid gives a copious precipitate on adding hydrochloric acid. 

Picric acid is readily soluble in alcohol, ether, chloroform, benzene, 
petroleum spirit, etc.; the last four solutions being colourless or nearly 
so. Such of the above solvents as are not miscible with water remove 
picric acid more or less perfectly from its aqueous solution, or that 
of a picrate which has been freely acidulated with sulphuric acid. 
Ether is preferable to chloroform for this purpose. A solution of 
picric acid in ether gives up the greater part of its colour to water, 
but on adding sulphuric acid or, still better, hydrochloric acid, the 
condition is reversed, the picric acid going chiefly into the ether. 

All the above solutions of ‘picric acid, including that in water, 
dye silk, wool, skin, and other nitrogenous organic matters yellow with 
a slightly greenish-shade. The stain is not removable by water, 
but soap or alkali partly destroys it. Animal charcoal absorbs a 
large quantity of picric acid from its aqueous solution. Picric acid 
is used as a dye for silk and wool, but is employed to modify the 

Vor. II.—37 
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shades of other colours rather than as an unmixed dye. Thus with 
methyl-green it gives yellow-green, with indigo-carmine or aniline- 
blue a deep green, and with magenta a very fast scarlet. Since the 
introduction of the yellow azo-dyes the employment of picric acid has 
decreased. 

It is now used extensively as a filler for shells, and has been given 
various names in different countries when used in this way. The 
French call it melinite, the English lyddite, and the Japanese shimo- 
site. Lyddite consists simply of picric acid, which is melted and 
poured into the shell. A cylindrical space is left in the centre, into 
which is inserted an exploder containing ‘‘picrate powder,” a mixture 
of ammonium picrate and potassium nitrate, and this in turn is 
exploded by means of a detonator. 

There is some objection to the use of picric acid in consequence of 
its liability to form very sensitive picrates with nearly all metals 
except tin. There is consequently considerable probability that will 
be displaced as a filler by some other aromatic nitro-derivatives not so . 
strongly acid in character. 

Picric acid forms a series of well-defined crystallizable salts and also 
combines with organic bases. With certain hydrocarbons it forms 
characteristic crystalline compounds of the formula XC, Hs(NO,),0O, 
in which X represents a molecule of the hydrocarbon. The reaction 
has been utilised for the purpose of distinguishing hydrocarbons, 
especially those of the anthracene group, and the formation of the 
naphthalene and acridine picrates has been suggested as a means of 
identifying picric acid. 

Detection and Estimation of Picric Acid.—The yellow colour 
and extremely bitter taste of the aqueous solution of picric acid, the 
deepening of the yellow colour on adding excess of alkali, and the power 
possessed by the solution of the free acid by dyeing immersed wool or 
silk yellow are themselves important indications of its presence. In 
the presence of other colouring or interfering bodies, the picric acid 
may be extracted from the aqueous solution by agitation with ether or 
amyl alcohol, after strongly acidulating with sulphuric acid. The 
picric acid may then be recovered by evaporating the ethereal solution 
or agitating it with solution of sodium hydroxide, when it will pass into 
the alkaline liquid. The extraction of picric acid from an acidulated 
solution by ether, benzene, or amyl alcohol may be made quantitative. 

Picric acid may be titrated with ease and accuracy by standard 
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alkali and phenolphthalein (P. Kay, J. Soc. Dyers, etc., 4, 84). The 
process is applicable to the ethereal or benzene solution of picric acid 
if this be first diluted with alcohol. 

An aqueous solution of picric acid is not precipitated on adding 
neutral lead acetate, but basic or ammoniacal lead acetate gives a 
bright yellow precipitate even with very dilute solutions of picric acid. 

Picric acid is not precipitated from its aqueous solution by copper 
sulphate; but the ammonio-sulphate produces a bright green precipi- 
tate, which is insoluble in ammonia and is decomposed by washing 
with water. A solution containing 1-10,000 of picric acid gives a 
distinct precipitate with ammonia-copper sulphate in 24 hours. 

If a solution of picric acid be treated with zinc and dilute sulphuric 
acid, a turbid yellowish-red solution is obtained, which, when poured 
off from the excess of zinc and mixed with alcohol, develops a green 
colour, changing through blue to a violet. 

By the action of tin and hydrochloric acid in a warm solution, 
picric acid is completely reduced to the colourless hydrochloride of 
triamidophenol, CsH,(NH,),.OH. In alkaline solutions, the re- 
duction does not proceed so far, picramic acid, CsH,(NO.),.(NH,).OH, 
being the product. This reaction occurs most readily by passing hydro- 
gen sulphide through a saturated alcoholic solution of picric acid neutral- 
ised with ammonia. Dark red crystals of ammonium picramate are 
deposited, from which the free acid may be prepared by dissolving in 
hot water and adding acetic acid. Picramic acid forms beautiful red 
needles, almost insoluble in water even when hot, but soluble in al- 
cohol and ether. It dyes silk and wool brown. . 

When a solution of picric acid is boiled with a strong solution of potas- 
sium cyanide, a deep red liquid is produced, owing to the formation of 
potassium iso-purpurate, a body which crystallises in small reddish- 
brown plates with a beetle-green lustre, and is slightly soluble in cold, 
but more readily in hot water. By reaction with ammonium chloride, 
it gives ammonium iso-purpurate, NH,,CsH,N;O., or artificial 
murexide, which in a slightly acid bath dyes silk and wool brown-red. 
It was formerly employed under the name of “‘grenat soluble,” but is 
not now used. On adding barium chloride to a solution of either of 
the above salts a vermilion-red precipitate is formed, consisting of 


1If the precipitate is decomposed by dilute sulphuric acid, and the filtered solution 
rendered ammoniacal and evaporated to dryness, a residue is obtained which gives a deep 
brown colour on heating with potassium cyanide. This behaviour distinguishes picric acid 
from quercitron and such other vegetable yellow colouring matters as are precipitated by 
basic lead acetate. 
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barium iso-purpurate. True iso-purpuric acid is very unstable and is 
practically unknown. 

Aniline yellow of commerce dissolves in water with redder colour 
than picric acid. It is not altered by potassium cyanide, but is turned 
purple by hydrochloric acid. 

Picric acid, when boiled with a strong solution of calcium hypo- 
chlorite (bleaching powder), gives off pungent and tear-exciting vapours 
of chloropicrin. . 

Picric acid forms highly insoluble compounds with many of the 
vegetable alkaloids, and the insolubility of the cinchonine salt has 
been employed for the determination of picric acid. A solution of 
cinchonine sulphate acidulated with sulphuric acid is added to the 
picric acid solution. The precipitate of cinchonine picrate, C,.H,.,- 
N,O(C¢6H;N,0,)., is washed with cold water, rinsed off the filter into 
a porcelain crucible or dish, the water evaporated on the water-bath, 
and the residual salt weighed. The yellow, intensely bitter alkaloid. 
berberine, is said to precipitate picric acid so perfectly that, on mixing 
the picric and alkaloidal solutions in equivalent proportions and 
filtering, the filtrate is colourless and free from bitterness. 

The cinchona alkaloids, the opium bases (except morphine and 
pseudo-morphine), the sérychnos alkaloids, veratrine, berberine, and 
some others, are completely precipitated by picric acid from their 
dilute solutions, if acidulated by sulphuric acid, but not in presence of 
free hydrochloric acid. Caffeine and the glucosides are not precipi- 
tated by picric acid. 

Some of the colour bases from coal-tar form extremely insoluble | 
picrates, and have been employed by Kay and Appleyard (J. Soc. 
Dyers, etc., 4, 83) for the estimate of picric acid. For this pur- 
pose they prefer the dye known as night-blue, which is the tetra- 
methyltolyltriamido-diphenyl-naphthyl-carbinol hydrochloride. The 
commercial product is purified by precipitating the aqueous solution 
with ammonia, washing well with water, and drying the precipitate 
over strong sulphuric acid. A weighed quantity of the base is dis- 
solved in acetic acid and the solution diluted toa known volume. For 
the titration, a known volume of the night-blue solution is measured 
into a flask, and the solution of picric acid run in from a burette. 486 
parts of the night-blue base correspond to 229 of picric acid, the picrate, 
which forms a dark precipitate, having the formula C,,H,6N;. 
Co6H,(NO.),0H. The picric acid solution should contain 1 grm. of 
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the sample per litre, and by comparing the volume of the solution used 
with the measure of a solution of pure picric acid employed in a parallel 
experiment, the proportion of impurity may be readily ascertained. 
The end of the reaction is very sharply defined, as by tilting the flask 
on one side, so that a portion of the clear liquid may run into the neck, 
it is easy to observe whether the solution retains any blue colour. A 
very slight excess of picric acid is sufficient to produce a marked yellow 
tint. If desired, a portion of the liquid may be filtered for the better 
observation of its colour, but this is rarely necessary. 

Crystal violet, the hydrochloride of hexamethyl-rosaniline, may be 
substituted for the night-blue in the above process. 443.5 parts of this 
colouring matter, when dissolved in water, react with 229 parts of pure 
picric acid to form a picrate of the formula C,,H,,N;.Co6H,(NO,),OH. 
This precipitate is flocculent, and when in suspension exhibits such a 
powerful coppery reflex that the liquid containing it appears brown by 
reflected light. 

The picrates of rosaniline, safranine, methyl-violet, methylene-blue, 
and malachite-green are also nearly insoluble in water, but not suf- 
ficiently so to render the bases desirable substitutes for night-blue or 
crystal-violet in the above process. 

Of the compounds of picric acid with solid hydrocarbons, that with 
naphthalene, C,,.Hg+Cs6H,(NO.),0, is almost the only one precipi- 
tated when the cold alcohol solution of the hydrocarbon is mixed with 
a cold alcoholic solution of picric acid. It forms stellate groups of 
golden-yellow needles, melting at 149°. The formation of naphthalene 
picrate may be employed to distinguish picric acid from similar nitro- 
compounds. 

Acridine has been suggested by Anschiitz (Jour. Soc. Chem. Ind., 
1884, 3, 234) as a suitable reagent for the determination of picric 
acid, the hydrochloride being used as a precipitant for metallic 
picrates and a solution of the free base in benzene for the picric acid 
compounds of hydrocarbons. 

The nitrogen may be estimated in picric acid by the Kjeldahl 
or Dumas method. Picric acid and picrates may therefore be esti- 
mated by this means. In the Lunge nitrometer they evolve no gas. 

Picric acid has been used occasionally to communicate bitterness 
to beer, less than 1 grain per Imperial gallon being amply sufficient for 
this purpose. The most delicate and satisfactory method for the de- 
tection of picric acid in beer is to concentrate roo c.c. by evaporation 
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to about 30 c.c.; then acidify with sulphuric acid and agitate with 
ether or petroleum spirit. The ethereal solution is separated and 
evaporated. The residue is dissolved in hot water and the solution 
heated on the water-bath for some time with a small quantity of clean 
white wool, which in presence of picric acid will acquire a yellow 
colour. 1 part of picric acid in 100,000 of beer may be detected by 
this method. Amyl alcohol has been proposed as a substitute for 
ether but is not so satisfactory. By first precipitating the beer with 
neutral lead acetate and filtering, the colouring matter of the beer may 
be removed and the indications made more delicate. As a confirm- 
ation, the dye may be removed from the wool by warming it with dilute 
ammonia, filtering, and evaporating the filtrate to a very small bulk on 
the water-bath. On then adding a few drops of potassium cyanide 
solution and heating, a distinct red-brown will be produced in presence 
of picric acid; or the ammoniacal extract may be treated with zinc and 
hydrochloric acid and the solution diluted with alcohol as described on 
page 579- 

It is evident that the method just described is applicable to the 
detection of picric acid on animal fibres, such as silk or wool. 

Commercial Picric Acid.—The picric acid of commerce is generally 
crystallised. ‘Though now of much better quality than formerly, it is 
still liable to contain impurities, and occasionally is intentionally 
adulterated. Thus sodium sulphate is sometimes added before 
crystallisation, and oxalic acid and sugar are said to be occasionally 
met with. 

The m. p. of pure picric acid is 122°, and the best commercial 
samples do not melt below 121°. A lower m. p. indicates the presence 
of dinitrophenol or a nitrocresol. The first impurity is due to imperfect 
nitrification and the latter to the employment of a phenol of low 
m. p. (therefore containing cresol) for the manufacture. 

General impurities and adulterations may be detected and determined 
by treating 2 grm. of the finely-powdered sample with 50 c.c. of ether. 
The picric acid dissolves, while any picrates, nitrates, oxalic acid, 
boric acid, sodium sulphate, alum, sugar, etc., will be left insoluble, 
and, after removal of the ethereal liquid, may be readily identified and 
determined. For the detection and estimation of water and oxalic 
acid, 50 c.c. of warm benzene may be advantageously substituted for 


1 A rough colorimetric determination of the amount of picric acid present may be based 
on the depth of colour produced. 
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the ether. Sugar and boric acid may be separated from the other im- 
purities by treating the residue insoluble in ether or benzene with 
rectified spirit. If boric acid is present the alcoholic solution will burn 
with a green flame. Sugar may also be sought for by neutralising the 
aqueous solution of the sample by sodium carbonate, evaporating to 
dryness, and extracting with proof-spirit, which will dissolve any sugar 
and leave the sodium picrate insoluble. 

Sulphuric, hydrochloric, and oxalic acids, and their salts, may be 
detected by adding solutions of barium, silver, and calcium, respectively, 
to the warm, filtered, aqueous solution of the sample. 0.2% of SO,, 
as estimated by precipitation as barium sulphate, is the maximum pro- 
portion allowed by the French Government in picric acid intended for 
the manufacture of mélinite. Free sulphuric acid might be detected by 
dissolving the sample in warm benzene, agitating the solution with 
warm water, removing the benzene layer, and again agitating the 
aqueous liquid with benzene, till all yellow colour is removed. On 
then titrating the aqueous liquid with standard alkali, the volume re- 
quired for neutralisation will correspond to the free sulphuric or other 
mineral acid of the sample. 

It is possible that commercial picric acid occasionally contains a 
nitrophenolsulphonic acid. Such an impurity would be indicated by the 
presence of sulphates in the residue obtained on igniting with a large 
excess of alkali. (See Analyst, 1888, 13, 43.) 

If the process of nitrification has been imperfect, the resultant 
picric acid will be liable to contain dinitrophenol (see above). ‘This 
impurity lowers the m. p. of the sample. The calcium salt is less 
soluble than calcium picrate, and if present in sufficient quantity may 
be separated from the latter by fractional crystallisation or by precipi- 
tating the hot saturated aqueous solution of the sample with excess of 
lime-water. 

A method of estimating small proportions of dinitrophenol in picric 
acid is by treating the aqueous solution of the sample with bromine, 
as proposed by Allen (J. Soc. Dyers, etc., 4, 84). With dinitro- 
phenol the following reaction occurs: CsH;(NO,),OH + Br, = HBr 
+ CsH,Br(NO,),OH. With picric acid, bromine reacts as follows: 
C.H.(NO,),0H + Br, = HBr + HNO, + CoH,Br(NO,),0H. In 
each case two atoms of bromine enter into the reaction, with forma- 
tion of a bromodinitrophenol (the same in each case) and one molecule 
of hydrobromic acid. But in the case of picric acid, nitric acid is 
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formed in addition, and hence the acidity of the liquid at the end of 
the reaction would be greater the larger the proportion of picric acid 
present. If the bromodinitrophenol and excess of bromine’ were 
removed by agitation with ether or similar solvent, the acidity of the 
aqueous liquid could be ascertainéd with great accuracy by titration 
with standard alkali. 

The reaction between bromine and dinitrophenol occurs promptly, 
but in the case of picric acid it was gradual. In 12 hours it is com- 
plete, but in the course of a few minutes almost nothing. ‘This fact 
enables the reaction with bromine to be utilised for the direct esti- 
mation of the dinitrophenol, instead of for its indirect estimation (by 
estimating the picric acid), as when the acidity is ascertained. The 
following method of operating was found by the author to be the most 
satisfactory: 1 grm. of the sample of picric acid is dissolved in about 
roo c.c. of warm water. A saturated solution of bromine in water is 
diluted with twice its measure of water in a large tapped and stoppered 
separator, and from this run into a burette. From this burette, a 
definite volume of the bromine solution, which is approximately of 1% 
strength, is run into a flask and an equal measure into another similar 
flask, both of which are immediately closed. The picric acid solution 
is then poured into one of the flasks, the last drops rinsed in without 
delay, and then an excess of a solution of potassium iodide at once 
added to the contents of both flasks. The liberated iodine is then 
determined by titration with a decinormal solution of sodium thiosul- 
phate (hyposulphite) in the usual way.” From the difference in the 
volume of the solution required in the 2 experiments the amount of 
bromine which has reacted with the dinitrophenol is easily found. 
Dinitrophenol reacts with 86.96% of bromine, taking up 43.48%. 
Mononitrophenol, if present, which is improbable, would react with 
230.2% of bromine, taking up 115.1% to form the compound C.H,- 
Br,(NO,).OH. Allen has verified these reactions by experiments on 
specially prepared mono- and dinitrophenol. When the process is 
applied to commercial picric acid the results are liable to be somewhat 
in excess of the truth, owing to slight action of the bromine on the 
picric acid itself. : 

Commercial picric acid often contains red particles. These have 


Tf preferred, before extracting with ether the excess of bromine may be got rid of by 
oe ipobesskum iodide and then sufficient sodium thiosulphate to react with the iodine 
iberated. ' 

? Allen found iodine to be wholly without action on solutions of either mono-, di-; or tri- 
nitrophenol. 
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been attributed to the presence of dinitrophenol, but from an obser- 
vation of T. Whitaker (J. Soc. Dyers, 4, 87) it is not improbable 
that they consist of a nitrosophenol. 

A method for the detection of picric acid is given by A. Ryniska 
(Zeit. anal. Chem., 1897, 813). The substance is macerated for 
several hours with water, acidified with sulphuric acid, then mixed 
with three volumes of 95% alcohol, and digested for 24 hours at 
50 to 60°. After filtration and evaporation of the alcohol, any fat is 
removed by shaking with light petroleum, and the liquid is then 
acidified with hydrochloric acid and shaken repeatedly with ether. 
Urine, which in cases of poisoning with picric acid is always coloured 
reddish-brown by the presence of picramic acid, may be extracted 
with ether after simply acidifying. The residue obtained by evaporat- 
ing the ether is then tested for picric acid by (1) the isopurpuric 
reaction (blood-red colour on warming with potassium cyanide and 
sodium hydroxide); (2) the picramic acid reaction (blood-red colour 
on heating with sodium hydroxide and grape-sugar), or, better (3) 
hydroxide and sodium sulphide; (4) ammoniacal copper solution 
(yellow-green crystals which ‘polarise light); and (5) by dyeing white 
wool. The limit of sensitiveness of the 5 reactions is 1:5000, 1:7000, 
I:12500, 1:80000, and 1:110000 respectively. Reactions (2) and (5) 
are less sensitive in presence of fats and other substances. 

Metallic Picrates.—As a rule, the picrates are possessed of but 
little solubility. They are yellow in colour and crystallise well. Many 
of them explode violently when heated or struck, and hence they are 
employed in admixture with metallic chlorates or nitrates as detonating 
charges for shells. 

Potassium picrate forms long. yellow needles when a strong 
solution of picric acid is neutralised by potassium carbonate or hy- 
droxide. The salt requires 288 of cold or 14 parts of boiling water for 
solution, and in alcohol is nearly insoluble. The aqueous solution is 
much more strongly coloured than a solution of free picric acid of 
corresponding strength. When heated, potassium picrate becomes 
red and explodes like gunpowder, and when strongly struck it detonates 
violently. 

Sodium picrate is readily soluble in pure water, but nearly in- 
soluble in solution of sodium carbonate or hydroxide. 

Ammonium picrate crystallises in rhombic scales which are some- 
what more soluble than the potassium salt. It is used in conjunction 
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with potassium nitrate as a detonating charge for picric acid 
(lyddite). 

Lead picrate crystallises in brown needles soluble in 119 parts 
of cold water. In admixture with nitre it is employed as an explosive. 
A rough mixture of picric acid with red lead or litharge detonates 
violently when strongly struck. 


MERCURIC FULMINATE. 


This is made by dissolving mercury in nitric acid (sp. gr. 1.4) and 
pouring into warm alcohol. An energetic reaction takes place. On 
cooling, crystals of mercuric fulminate separate; they are filtered off 
and washed until neutral. The product may be purified by recrystal- 
lisation from water. Its sp. gr. is 4.42. 1000 c.c. of water dissolves 
0.71 grm. at 12° and 1.74 grm. at 49°. 

Mercuric fulminate is extremely sensitive to friction and shock 
and explodes with tremendous speed. Hence its use as a detonator 
for igniting other explosives, which are less sensitive. It is always 
stored wet, and in fact under water until required for use. The very 
greatest care has to be taken in drying, weighing, and mixing it. It is 
frequently used by itself in caps and detonators, but many explosives 
are better ignited by compositions containing other substances mixed 
with the fulminate to reduce its violence. The principal of these 
substances are potassium chlorate, antimonous sulphide, powdered 
sulphur, charcoal, and potassium nitrate. 

Silver fulminate may be made in the same manner as the mercury 
compound. It is even more sensitive than the latter, and is practi- 
cally never used except for making caps for toy pistols. 

For methods of examining caps, physical as well as chemical, 
see Brownsdon (J. Soc. Chem. Ind., 1905, 24, 381). The chemical 
methods are as follows: 

Analytical Examination of Caps.—The quantities most easily and 
accurately determined are: 1. weight of charge; 2. weight of fulminate, 
and 3. weight of antimonous sulphide (stibnite). From the figures so 
obtained the percentage of fulminate and stibnite per cap can be 
ascertained, and that of chlorate and other ingredients indirectly by 
difference. In the estimation of such small quantities of fulminate 
and stibnite as are contained in a cap, special methods must of 
necessity be used. By the use of the methods given in detail below, 
the weight of fulminate and stibnite are obtained easily within 20 
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minutes of commencing the analysis. The methods are volumetric, 
the only weighings required being those from which the weight of 
charge is obtained. 

Weight of Charge.—This is best ascertained by difference, first weigh- 
ing the cap, and afterward the empty shell plus tin foil, after extracting 
the composition. The difference gives the weight of the composition 
plus varnish. The weight of varnish is small and may be ascertained 
in a number of caps, the mean being deducted from the above weight 
found. If comparative and not absolute figures are required, it may 
be neglected, since it does not affect the weight of fulminate or stibnite. 
The extraction of the composition is most conveniently and completely 
done over a porcelain dish of about 200 c.c. capacity by squeezing with 
pliers and removing the loosened foil and broken composition by 
means of a pointed wooden chip. Composition adhering to the shell 
or foil is loosened by alcohol and washed into the dish by means of 
alcohol from a small wash-bottle. The shell and foil are put on one 
side and subsequently weighed when dry. It is convenient to extract 
the composition at the same time from a number of caps. 

Fulminate-—The composition in the dish is broken down quite 
fine with a flat-headed glass rod, and the alcohol evaporated on a water- 
bath till the residue is moist, but not quite dry; 25 c.c. of water are then 
added and the composition stirred from the bottom. After the addition 
of o.5 grm. of pure sodium thiosulphate, the contents of the dish are 
stirred for 2 1/2 minutes. One drop of methyl-orange is then added 
and the solution titrated with N/2o0 sulphuric acid. The acid is 
standardised against weighings of 0.05 to 0.1 grm. of pure fulminate, 
to which are added 25 c.c. of water and then 0.5 grm. of thiosulphate. 
This is stirred for 2 1/2 minutes and then titrated with N/20 sulphuric 
acid. The small amount of antimonous sulphide present does not 
interfere with the recognition of the end-point. After titration the 
solution is filtered through a small filter-paper, which retains the anti- 
mony sulphide. 

Antimonous Sulphide.—The filter-paper containing the antimonous 
sulphide is well washed and then transferred to a large test-tube. 5 c.c. 
of strong hydrochloric acid are added and the contents of the tube boiled 
gently for a few seconds until the sulphide is dissolved and all the 
hydrogen sulphide has been driven off or decomposed. 3 c.c. of a 
saturated solution of tartaric acid are then added and the contents of 
the tube washed into a conical flask of about 250 c.c. capacity. The 
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solution is then nearly neutralised with sodium carbonate, excess of 
sodium hydrogen carbonate is added, and after the introduction of 
some starch solution the liquid is titrated with N/20 iodine solution. 
This method for small quantities of antimonous sulphide is both 
quick and accurate: the error does not exceed 0.0003 grm. 

There are two forms of commercial mercuric fulminate, “white” 
and “grey.’ To obtain the former small amounts hydrochloric acid 
and metallic copper (about 1: 1,000) are added to the nitric acid solu- 
tion of mercury in the manufacture of the fulminate. The white 
is not necessarily purer than the grey; apparently the blue tint of 
the copper salts neutralises the yellowish tint of the fulminate and a 
fine precipitate of cuprous and mercurous chlorides helps to swhiten 
the product. 

Various impurities are liable to be formed in the process of manu- 
facture and the amount of these may be considerable, if great care be 
not exercised in measuring out the ingredients, adjusting the tempera- 
ture, and attending to the other details. 

Mercuric fulminate should be white or light grey in colour with a 
slight tinge of yellow. It should dissolve readily and completely or 
almost completely in ammonia and in concentrated hydrochloric acid 
and in potassium cyanide solution. The exact nature of the com- 
pounds that are insoluble or difficultly soluble in these reagents is not 
known and they are probably different in different cases. They include 
mercurous salts, mercuric fulminate, and metallic mercury. Metallic 
mercury is said to be specially injurious to fulminate because it amal- 
gamates the copper caps and thus leads to the formation of cupric 
fulminate. To test for metallic mercury, treat the fulminate repeat- 
edly with strong hydrochloric acid until any mercurous chloride, which 
forms, has been dissolved, wash by decantation with water and examine 
the residue under the microscope for beads of mercury. Another 
method is to rub the fulminate in the wet state on a gold plate with a 
gold rod. If any white specks of gold amalgam are formed it shows 
the presence of metallic mercury. It is stated by Solonina (Zeits. 
Schiess-Sprengstoffwesen, 1910, 5, 41 and 61) that white fulminate never 
contains free mercury. Other impurities liable to be present are mer- 
curous compounds and oxalates. The former yield mercurous chlo- 
ride when treated with hydrochloric acid and only dissolve with 
difficulty in excess of the hot reagent. Pure fulminate dissolves 
readily and completely in hydrochloric acid. 
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The oxalate may be estimated as follows: The fulminate is dis- 
solved in ammonia solution, ammonium sulphide is added to precipi- 
tate the mercury, the solution is filtered, washed, and to the filtrate 
ammonium chloride and calcium chloride solutions are added. After 
standing overnight the calcium oxalate is filtered off and estimated 
by one of the usual methods, 

Mercuric fulminate when recrystallised from hot water is said to 
contain half a molecule of water of crystallisation, but it is doubtful 
whether the product has a high degree of purity, because hot water 
converts some of the fulminate into fulminurate and mercuric oxide. 
For the purification of fulminate, it is better to dissolve it in potassium 
cyanide solution and reprecipitate with dilute nitric acid. This is 
the method adopted by Brownsdon to obtain a pure product for stand- 
ardising the sulphuric acid: 

About 0.8 part by weight of potassium cyanide are dissolved in 
ten of water and then one part of fulminate is gradually added with 
constant stirring. When solution is complete the insoluble residue 
is filtered off and dilute nitric acid is added to the filtrate until no 
further precipitate is formed, The white powder is allowed to settle, 
washed several times by decantation, and then on the filter with dis- 
tilled water until it is no longer acid. It is then pressed between 
filter-paper and dried first in the air and then in a desiccator and kept 
in a dark place. 

For the purification of mercuric fulminate on a commercial scale, 
Solonina recommends that it be dissolved in pyridine and reprecipi- 
tated with water. It is not customary, however, to purify mercuric 
fulminate except by washing with water until neutral. 

Other substances that are frequently used together with fulminate 
to compose the mixtures used for filling caps and igniters are mealed 
gunpowder, sulphur, potassium nitrate, potassium chlorate, ground 
glass, and antimonous sulphide. 

Sometimes mixtures are used containing no fulminate. The 
surface is generally covered with shellac varnish. Detonators for 
firing high explosives are usually filled with fulminate alone or mixed 
with a small proportion of potassium chlorate. 


SOLVENTS. 


In the manufacture of propulsive explosives the nitrocellulose is 
gelatinised by means of a suitable solvent. For nitrocellulose con- 
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taining 13% of nitrogen acetone is mostly employed and this is the 
solvent used in the manufacture of cordite (see Marshall, J. Soc. Chem. 
Ind., 1904, 23, 645). Amyl and ethyl acetates have, however, been 
used for some powders; they are easily detected by their characteristic 
odours, A mixture of ether and alcohol is usually used for gelatinis- 
ing “soluble” nitrocelluloses. 

Other mixtures, such as acetone and ether, are used in other cases. 
In the French military powders, amy! alcohol is added; it prevents the 
nitrocellulose becoming degelatinised and appears not only to main- 
tain the ballistics of the explosive, but also the chemical stability to 
some extent. % 

The solvent used for gelatinising as explosive can usually be detected 
by the odour when warmed in the ground state in a test-tube, as is 
done in carrying out the heat test (see below). An old powder, for 
which ether-alcohol has been used, will give the characteristic sweet 
smell of ethyl nitrate. Old cordite, on the other hand, has an acid 
smell probably. due to acetic and formic acids formed from the 
acetone. The quantity of solvent remaining in an explosive is de- 
termined as described below under “Moisture and Volatile Matter.” 


WOOD MEAL. 


Wood meal is a constituent of carbonite and many other high 
explosives, It serves the double purpose of absorbing the nitrogly- 
cerin and reducing the temperature of explosion. It should be free 
from .acid and foreign substances, especially particles of metal, and 
should not contain much resin. The moisture should not exceed about 
5%. It should absorb nitroglycerin readily, 


Other Materials. 


Although the substances dealt with above are the most important 
constituents of modern explosives, there are many others that are used, 
and in fact there are few commercial materials that have not at any 
rate been proposed! at some time or other. All highly nitrated nitro- 
derivatives and organic nitrates are more or less explosive, and the 
greater the number of nitro-groups the more explosive they are; 
trinitrotoluene and the nitrocresols are very usual constituents of high 
explosives. The lower nitro-derivatives, such as mononitrobenzene, 
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are also frequently employed in conjunction with substances that 
contain an excess of oxygen. Among the secondary constituents of 
composite explosives there are many that contain no oxygen, such as 
mineral jelly (vaseline), wood pulp, and starch. There are also the 
solvents used for gelatinising the nitrocellulose: acetone, alcohol, 
ether, and amyl acetate. These substances are dealt with in other 
sections. — 

Since the introduction of Franke’s process for utilising the nitrogen 
of the atmosphere, it has been proposed to use cyanogen derivatives, 
such as dicyan diamide, as constituents of explosives. It is claimed that 
they increase the stability and the gas evolution, but diminish the 
temperature of the products of explosion. 

Other organic substances that may be found in various explosives 
are castor oil, starch, resin, glue, dextrin flour, paraffin, and naphtha- 
lene, ‘These are not explosives and are employed in conjunction with 
organic or inorganic materials containing an excess of oxygen. It 
should be borne in mind that the competition in the explosives industry 
is keen, prices obtainable are not high, and therefore rare and expen- 
sive substances cannot be used and need not be sought for. 

The inorganic materials used include the potassium, sodium, and 
ammonium nitrates, chlorates, and perchlorates, calcium and sodium 
carbonates, barium nitrate, aluminium, kieselguhr, and several sul- 
phates and chlorides. Ammonium oxalate is present in many high 
explosives, 

In France and Germany attempts have been made to increase the 
stability of explosives by adding small quantities of urea, aniline, 
diphenylamine and other substances which will combine with nitrogen 
oxides, but these additions do not appear to produce the desired effect. 


COMPOSITE EXPLOSIVES. 


Nitrocotton is present in most modern explosives. Many contain 
more than 50% and some consist almost entirely of it. Nitroglycerin 
is also a very frequent constituent. These substances are detected 
and estimated by the methods given above. 

Moisture and Volatile Matter.—All explosives that have been 
wholly or partly gelatinised retain more or less of the organic solvent 
used. In the case of the larger sizes of ‘‘cordite M. D.” it amounts 
frequently to more than 1%, and nitrocellulose powders, in which there 
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is no nitroglycerin, generally contain several %, which it is impracti- 
cable to drive off in the drying stoves, as it is retained by the colloid 
with great obstinacy. 

In the case of explosives not containing nitroglycerin, camphor, or 
any other constituent that it is slightly volatile, the material is ground 
and sifted, and 2 grm. are weighed out onto a watch-glass and dried in 
an oven at a suitable temperature to constant weight. As a rule, it is 
not advisable to use for this purpose material that has been ground 
more finely than is laid down in the directions for the heat test, 
because the very fine material loses a considerable proportion of its 
volatile matter during the grinding, sifting, and weighing. The 
temperature of the oven is usually somewhere between 65 and 100°. 
Explosives that are thoroughly stable will withstand the latter temper- 
ature for several hours without undergoing a sufficient amount of 
decomposition to affect the results. In the case of unstable materials 
a lower temperature must be employed, however, and in extreme 
cases the drying should be carried out at the ordinary temperature in 
a vacuum desiccator over sulphuric acid. 

Moisture in Nitroglycerin Explosives. (See Marshall, J. Soc. 
Chem. Ind., 1904, 23, 154).—The difficulty to be overcome in this 
instance is the fact that nitroglycerin itself is slightly volatile. But 
investigations carried out at the Royal Gunpowder Factory, Waltham 
Abbey, showed that the difficulty could be overcome by the use of a 
special apparatus, consisting of an aluminium dish covered with a 
glass cone, so as to leave only a very slight space between them for the 
escape of the vapour of water and organic solvent. 

The apparatus is warmed and allowed to stand for 1/2 hour 
in a desiccator to acquire constant weight. Then 5 grm. of the sample 
are placed in the aluminium dish, the glass cone is put over it, and the 
whole is weighed. ‘The apparatus is then stood upon a metal plate 
heated below by boiling water or steam: the top of an ordinary boiling- 
water oven is suitable. Here it is allowed to stand until the weight is 
practically constant. In the case of “‘cordite, mark I’’, or ballistite, or 
blasting gelatine an hour is sufficient; ‘“‘cordite M. D.” requires 2 
hours. The apparatus is then removed to the desiccator, allowed to 
stand for 1/2 hour and weighed. The loss of weight is the amount 
of moisture (volatile matter) in the explosive taken. Any nitroglycerin 
that is driven off from the powder by the heat is condensed on the glass 
cone; the loss of nitroglycerin from the apparatus is less than 0.01%. 
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The results are very consistent. The material should be ground and 
sifted in the same manner as is laid down in the instructions for the 
heat test. 

For the estimation of the water only in substances which contain 
also acetone and other volatile compounds Dupré recommends the use 
of calcium carbide (Analyst, 1906, 31, 213). The ground material is 
put into a tube 1 cm. wide and 10 cm. long and covered first with a 
layer of dry sand and then with a layer of carbide 5 cm. high. The 
tube is connected to a nitrometer filled with saturated lime, and heated 
in a water-bath to 100°. The moisture reacts with the carbide pro- 
ducing acetylene. Taking into account the water taken up by the 
lime 1 c.c, acetylene corresponds to 0.001725 grm. water. 

Other Constituents.—A further portion of 2 grm. is weighed out 
into a corrugated hardened filter-paper, and extracted with ether 
(sp. gr. 0.720) in a Soxhlet. The extract may contain nitroglycerin, 
resin, camphor, sulphur, mineral jelly (vaseline), or paraffin. Mineral 
jelly and paraffin, being insoluble in 80% methyl alcohol, can be 
separated quantitatively from the nitroglycerin, etc., by the use of this 
solvent. After distilling off the ether, a mixture 80 parts by volume 
of absolute methyl alcohol and 20 of water is added to the material 
in the extraction flask, which is then heated on a boiling water-bath. 
The liquid is allowed to settle for a minute or two and then is decanted 
through a small filter or directly into a clean beaker. After repeating 
this operation about 4 times, the mineral jelly is quite free from nitro- 
’ glycerin. After the first washing it is advisable to heat the flask again 
before adding more alcohol, in order to cause the mineral jelly to 
adhere to the glass. If any globules of the mineral jelly get into the 
filter or beaker, they must be washed free from nitroglycerin, and then 
transferred back into the extraction flask, if necessary with the aid of a 
little ether. After drying in a steam-oven the mineral jelly may be - 
weighed in the extraction flask. 

Cordite and cordite MD have the following composition: 


| Nitroglycerin Guncotton | Mineral jelly Moisture. 
Corditetseas oe 58% 37% 5% 0.25 t00.5% 
Cordite MD... . 30% 65% 5% 0.4 tor.0% 


Vor. IIT.—38 
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It will be seen that the methods already given will suffice for the 
complete analysis of these explosives. The ash may be ascertained as 
described above under Nitrocellulose. 

In the case of an explosive of unknown composition the contents of 
the filter-paper may now, after weighing, be further extracted with 
water, which will dissolve any nitrates, chlorates or soluble carbonates, 
or other salts or materials soluble in water. The matter dissolved 
out is analysed by the usual methods. The contents of the filter- 
paper can then be further extracted with benzene, chloroform, etc. 
The final residue will probably consist entirely of nitrocellulose, which 
after weighing can be examined as described above for percentage of 
nitrogen, solubility in ether-alcohol, etc. In the case of an unknown 
explosive it is desirable to examine the matter insoluble in acetone. 
Blasting explosives frequently contain wood meal, infusorial earth, 
and other similar organic and inorganic materials: these will be found 
in the matter insoluble in acetone. 


STABILITY TESTS. 


Both nitrocellulose and nitroglycerin decompose slowly even at the 
ordinary temperature, and as the temperature is raised the rate of 
decomposition increases rapidly. Nevertheless, under favorable 
conditions of storage,.a good sample of guncotton can be kept for a 
great number of years without undergoing serious deterioration. But 
during manufacture unstable bodies are formed, which are extremely 
difficult to remove from the nitrocellulose. One class of these bodies 
is that of the mixed sulphuric and nitric esters of cellulose, which have 
been mentioned above, but there are also other substances the exact 
nature of which is unknown at present but which are very deleterious. 

‘In the early days of the manufacture of nitrocellulose there were no 
methods known for readily distinguishing a stable from an unstable 
explosive, and the result was a series of devastating explosions which 
practically put a stop for a time to the new industry, and it was only 
after Sir Frederick Abel had devised his “heat test” that it was 
possible to carry on the manufacture of modern explosives with safety. 
Although this test has many imperfections, and a large number of 
other tests have been proposed to replace it, it is still the one that is 
most used, as it is very simple and easy to carry out, and the other 
tests are equally open to objection. 


STABILITY TESTS. 595 


Nearly all the stability tests that have been proposed depend on the 
detection or measurement of the nitrogen oxides given off when the 
explosive is heated to a more or less elevated temperature. The first 
class of these tests is that of the so-called “‘trace tests,”’ in which the 
explosive is heated at a moderate temperature, such as 160 or 180°, 
and the time taken to colour a very sensitive test-paper or solution is 
observed. The Abel test belongs to this class. The second division is 
that of the “fume tests,” in which the sample is heated at a consider- 
ably higher temperature, 100° to 135°, and the time noted until it 
commences to fume, or until it affects some less sensitive reagent, such 
as litmus-paper. The third class, that of the ‘quantitative tests,” 
comprises those in which the guncotton is heated at a fixed temper- 
ature within about the same limits as those of the ‘“‘fume tests,’’ and 
measurements are made of the amount of the oxides of nitrogen or 
the total products of decomposition given off in a fixed period of time. 

The Abel Heat Test.‘—The following are the principal appliances 
required for this test as laid down by the British Home Office. The 
illustrations of apparatus used in this test are from Appendix VI, 
Regulations for Army Ordnance Service, Pt. 2; by permission of the 
Controller of His Majesty’s Stationery Office. 


Argand gas burner or Berzelius spirit lamp if gas is not 
available. 
Needle for piercing heat test-papers. 
Test-tubes 5 1/4 to 5 1/2 in. long, and of such a diameter 
that they will hold from 20 to 22 c.c. of water when filled to 
a height of 5 in. 
India-rubber stoppers, No. 4, fitting the test-tubes and carry- 
ing an arrangement for holding the test-paper, viz., a narrow 
glass tube passing through the centre of the stopper, and 
drawn out so as to form a hook, or terminating in a platinum 
wire hook. (Fig. 21.) 
A water-oven, measuring inside about 9 in. each way, with 
wire gauze shelves about 3 in. apart. 

A thermometer. 

A clock or watch. 

Special Water-bath.—This consists of a spherical copper 
vessel, A (Fig. 22), of about 8 in. diameter with an aperture 


1For the significance of the Abel Heat Test see Robertson and Smart, J. Soc. Chem. Ind., 
I9IO, 29, 130. 
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of about 5 in.; it has a loose lid of sheet copper about 6 in. in 
diameter, B, and rests on a tripod stand about rq in. high, C, 
which is surrounded by a screen of thin sheet copper, D; 
within the latter is placed the Berzelius or Argand burner, 


| 


FIG. 21. FIG. 22. 


E, with copper chimney. The lid, B, has seven holes ar- 
ranged as seen in Fig. 23, No. 7 to receive a thermometer and 
the other 6 to receive the test-tubes containing the explosives 
to be tested. Around each of the holes 1 to 6, on the under- 
side of the lid, are soldered 3 pieces of brass wire with points 


slightly converging (Fig. 24). These serve to hold the test- 
tubes in position and allow them to be easily removed. 

A nest of 2 sieves with holes drilled in sheet copper. The 
holes in the top sieve have a diameter equal to 14 BWG; 
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those in the second sieve are equal to 21 BWG. The lower 
sieve fits into a box also of sheet copper, and the upper sieve is 
closed with a copper lid. There are standard patterns of 
sieves and bath, which can be obtained from the usual 
dealers in chemical apparatus. 

Mill.—This also is of standard pattern and can be obtained 
from the same sources. 

Cutter for cutting up Cordite MD and other tough mate- 
rials. 


The test-paper is prepared as follows: 3 grm. of white maize starch 
(corn-flour) previously washed with cold water are added to 250 c.c. of 
distilled water, the mixture stirred, heated to boiling and kept gently 
boiling for ten minutes; 1 grm. of pure potassium iodide (recrystal- 
lised from alcohol) is dissolved in 250 c.c. of distilled water. The 2 
solutions are thoroughly mixed and allowed to get cold. Strips or 
sheets of the best white English filter-paper, weighing air-dry 4.1 to 
4.6 grm. per roo square inches (645 sq. cm.), previously washed with 
water and dried,‘ are dipped into the solution thus prepared, and al- 
lowed to remain: in it not less than 10 seconds; they are then allowed 
to drain and dry in a place free from laboratory fumes and dust. The 
upper and lower margins of the strips or sheets are cut off, and the paper 
is preserved in well-stoppered or corked bottles im the dark. After prep- 
aration the papers should be kept (in the dark) for a month before 
beingtakenintouse. After that, if kept carefully (in the dark), they will 
remain good for 6 to 12 months, but they should be tested from time to 
time by putting on one of them a drop of dilute acetic acid, made by 
mixing 1 volume of acetic acid, b. p. with 4 volumes of distilled water. 
The freshly prepared paper and that which is still in good condition 
will give no colouration. In time, however, and soonest in a bright 
light, a drop of acid produces a brown or bluish colouration. A single 
hour of strong sunlight causes a marked effect. If the paper is un- 
serviceable, the discolouration takes place at once; any discolouration 
taking place some time afterward may be disregarded. 

The dimensions of the pieces of test-paper used are about 20 mm. 
by ro mm. (0.8 by o.4 in.). 

1 As some English filter-paper has been found to contain some substance soluble in acetic 
acid, which liberates iodine from potassium iodide, the Home Office authorities now find it 
advisable to wash the filter-paper twice with dilute acetic acid, made by mixing 1 part of the 
glacial acid with ro parts of distilled water, wash all night in running tap water, rinse twice 


in distilled water, dry,and proceed as above. (Annual Report of H. M. Inspector of Explo- 
sives for 1907, p. 17). 
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Standard Tint-paper.—A solutioa of caramel in water is made of 
such strength that when diluted roo times the tirt of the solution 
equals that produced by Nessler reagent in 100 c.c. of water containing 
0.000235 grm. of ammonium chloride. With this solution lines are 
drawn by means of a clean quill pen on strips of filter-paper previously 
washed with distilled water to remove traces of bleaching matter and 
dried. When these marks are dry, the paper is cut into pieces of the 
same size as the test-paper previously described, so that each piece has 
a line across it near the middle of its length. Only those strips are 
used in which the brown line has a breadth of from o.5 to 1 mm. 
The standard tint-paper should be kept in a corked tube, and should 
not be exposed to the light except when actually in use. 


Applications of Abel Heat Test. 


Guncotton, Compressed Nitrocellulose, Tonite, Etc.—Prcpara- 
tion of the Sample.—Sufficient material to serve for 2 or more tests is 
removed from the centre of the block or cartridge by gentle scraping, 
and if necessary further reduced by rubbing through a sieve with a 
clean hard brush. The fine powder thus produced is spread out in a 
thin layer upon a paper tray 6 in. by 4.5 in., which is then placed on 
one of the wire gauze shelves of the water-oven, which is kept as nearly 
as possible at 120° F. (49°). The sample is allowed to remain at rest 
for 15 minutes in the oven, the door of which is left wide open. After 
the lapse of 15 minutes the tray is removed, and exposed to the air 
of the room for 2 hours, the sample being at some point within that 
time rubbed upon the tray with a brush in order to reduce it to a fine 
and uniform state of division. 

The English War Department method differs from this in specifying 
that after drying in the oven the guncotton shall be exposed for 4 hours 
instead of 2. 

Application of the Test.—The water-bath is to be filled to within 
0.25 in. of the edge. The thermometer is inserted through hole 
No. 7 of the lid to a depth of 2.5 in. measured from the lid, and the 
water is heated and maintained at a temperature of 170° F. (76.7°). 
When this temperature is reached 20 grains (1.3 grm.) of the prepared 
guncotton are weighed out, placed in the test-tube, and gently pressed 
down until it occupies a space of not more than 1.3 in. in the test-tube. 
A test-paper.is affixed to the hook of the glass tube and moistened 
by touching the upper edge with a drop of distilled water containing 
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50% of pure glycerol. The quantity of liquid used must only be suf- 
ficient to moisten about half of the paper. The cork carrying the rod 
and test-paper is then fixed into the test-tube, and the latter inserted 
into the bath to a depth of 2.5 in., measured from the cover. The test- 
paper is to be kept near the top of the test-tube, but free of the cork, 
until the tube has been immersed for about 5 minutes. A ring of 
moisture will about this time be deposited upon the sides of the test- 
tube a little above the cover of the bath; the glass rod must then be 
lowered until the lower margin of the moistened part of the paper is 
on a level with the bottom of the ring of moisture in the tube; the 
paper is now closely watched. The test is complete when the faint 
brown line, which makes its appearance on the line of boundary 
between the dry and moist portions of paper, equals in tint the line 
on the standard tint-paper. 

The interval of time between the first insertion of the test-tube in 
the water at 170° F. and the production of the standard tint constitutes 
the test, and this interval of time must be mot less than 10 minutes, 
or the sample will not be considered to have satisfied the test. 

The British War Department directions differ from these in stating 
that the thermometer and tubes are to be immersed in the water to a 
depth of 2.5 in., whereas according to the Home Office the 2.5 in. are to 
be measured from the cover so that only 2.25 in. are immersed in the 
water. 

According to the British Home Office, the glycerol and water are to 
be applied to the upper edge of the test-paper by means of a camel’s- 
hair pencil, but the chemists of the War Department use a glass rod 
forming the prolongation of the stopper of a dropping-bottle. 

These and other differences appear very trivial, but with such a very 
delicate test very slight causes produce differences in the results. 

Schultze, E C Powder and other Sporting Powders.—These 
contain a considerable proportion of ungelatinised nitrocellulose, and 
should be dried, exposed, and tested in the same manner as guncotton. 

Cordite, Ballistite—These and other preparatio1s containing 
nitrocellulose, gelatinised or semi-gelatinised, are tested as follows: 

If the preparation is in the form of small flakes or grains, as is the 
case with some rifle powders, 1.6 grm. (25 grains) are weighed out into 
a test-tube. But if the pieces are larger, as in the case of cordite, they 
must be broken up and ground. Pieces 1/2 in. long are cut from one 
end of all the sticks of cordite selected for the test, and in the case of 
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the larger sizes of cordite each piece so cut is further subdivided into 4 
portions. These cut pieces are then passed once through the mill, the 
first portion of material that passes through being rejected on account 
of the possible presence of foreign matter from the mill. The ground 
material is put on the top sieve of the nest and sifted. That portion 
which has passed through the top sieve and been stopped by the second 
is taken for the test. If the mill is properly set, the greater part of the 
ground material will be of the proper size. 

If too hard for the mill, the material may be softened by exposure 
to the vapour of acetone or reduced to the necessary state of subdivision 
by means of a moderately coarse rasp. Should the acetone vapour have 
rendered it too soft for the mill, it should be cut up into small pieces, 
which may be brought to any desired degree of hardness by simple 
exposure to air. 

Explosives, which consist partly of gelatinised collodion cotton 
and partly of ungelatinised guncotton, are best reduced to powder by 
a rasp or softened by exposure to mixed ether and alcohol vapour at 
a temperature of 33 to 39° (go to 100° F.). 

If the volatile matter in the explosive exceeds 0.5 %, the sifted material 
should be dried at a temperature not exceeding 140° F. (61°) until 
the proportion is not more than 0.5%. 

After each sample has been ground, the mill must be taken to pieces 
and carefully cleaned. 

The British War Department regulations, on the other hand, do not 
allow of softening the cordite with acetone vapour. For new cordite 
supplied to the department by contractors it is specified that 1/4 in. 
shall be cut from every stick forming the sample and discarded. 
Small pieces or slices about 1/8 in. thick are then cut off and passed 
through the mill, the first portion being rejected. The portion that 
passes through the first sieve, but is stopped by the second, is used for the 
heat and moisture tests, whereas the finer portion which passes through 
the second sieve is used for the rest of the analysis. The material 
used for the heat and moisture tests should not.pass through the mill 
more than once, else there will be some loss of moisture. For the same 
reason it should be put at once into well-stoppered bottles and should 
not be touched with the hands. 

In the case of old cordite, which has already been issued to the ser- 
vices, it is permitted to pass the material which remains on the top 
sieve through the mill once again, but not oftener, No delay should 
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take place between the grinding of the cordite and the carrying out of 
the test, and aeration should be avoided. The adjustment of the 
percentage of volatile matter to 0.5 is, therefore, directly contrary to 
the Service regulations, although recommended by the British Home 
Office. 

For the application of the test the Home Office instructions are as 
follows: ‘The thermometer is fixed so as to be inserted through the 
lid of the water-bath (Fig. 22, p. 596) into the water to a depth of 2.75 in. 
The water is to be maintained at a constant temperature of 180° F. 
(82.2°). A test-paper is fixed on the hook of the glass rod, so that when 
inserted into the tube it will be in a vertical position. It is moistened 
with glycerin and water as directed above for guncotton. The cork 
carrying the rod and paper is fixed into the test-tube and the position 
of the paper adjusted so that its lower edge is about half-way down 
the tube, which is then inserted through one of the holes in the cover 
of the bath to such a depth that the lower margin of the moistened 
part of the paper is about 0.6 in. above the surface of the cover. The 
test is completed when the faint brown tint, which after a time makes 
its appearance at the margin between the wet and dry portions of the 
test-paper, equals in depth of tint the brown line drawn on the standard 
tint-paper. The time which elapses between the insertion of the test- 
tube into the bath at 180° F. and the completion of the test must not 
be less than 15 minutes, according to the Home Office regulations. 

No new cordite is accepted by the War Department from contractors 
unless it stands a heat test of 30 minutes at 180° F., but the test is 
carried out with papers that are less sensitive than those of the Home 
Office. 

Cordite, which has already been issued to the Services, is tested at 
160° F, (71.1°). If the test is 8 minutes or above, the cordite is con- 
sidered ‘‘serviceable”’; if below 8 minutes and above 4 minutes, it is 
“doubtful” or ‘‘unserviceable.”’ 

Nitroglycerin.—As nitroglycerin by itself is not an article of com- 
merce, the British Home Office does not find it necessary to spécily a 
test for it, but only for nitroglycerin extracted from such materials as 
dynamite and for nitroglycerin explosives. The War Department, 
however, specifies a test for the nitroglycerin that is used in the manu- 
facture of cordite. For this 6.5 grm. (100 grains) are taken and 
passed through a neutral filter-paper to remove moisture. Of the 
filtrate 3.25 grm. (50 grains) are introduced into a test-tube, and the 
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test is carried out as in the case of cordite. It must give a test of at 
least 18 minutes at 180° F. 

Dynamite.—Nitroglycerin explosives, from which the nitroglycerin 
can be removed mechanically, must satisfy the following test laid down 
by the Home Office: This test, however, though looked upon at 
present as the most important, so far as testing the purity of the 
nitroglycerin is coacerned, is only one of several which any given 
sample of nitroglycerin preparation has to satisfy in order to establish 
its compliance with the definition in the Authorised List. 

About 20 or 26 grm. (300 or 400 grains) of dynamite, finely divided, 
are placed in a funnel 2 in. in diameter, which has previously been 
plugged with some freshly ignited asbestos. The surface is smoothed 
by means of a flat-headed glass rod or stopper and some clean washed 
and dried kieselguhr is spread over it to a depth of 1/8 in. Water 
is next carefully dropped from a wash-bottle upon this kieselguhr, 
and when the first portion has been soaked up, more is added; this is 
repeated until sufficient nitroglycerin has been collected in the gradu- 
ated measure below. If any water should have passed through with 
the nitroglycerin, it should be removed with a piece of blotting- 
paper, and the nitroglycerin, if necessary, filtered through a dry 
filter-paper. 

Application of the Test.—3.25 grm. (50 grains) of the nitroglycerin 
are weighed into a test-tube in such a way as not to soil the sides of the 
tube, and the test is carried out as in the case of cordite, except that 
the temperature of the bath is 160° F. (71.19). The nitroglycerin 
will not be considered to have satisfied the test unless the time neces- 
sary to produce the standard tin is at least 15 minutes. 

Blasting Gelatin, Gelatin Dynamite, Etc.—3.25 grm. (50 grains) 
of blasting gelatin are intimately incorporated with 6.5 grm. (100 grains) 
of French chalk. This can be effected by working the materials 
~ with a wooden pestle in a wooden mortar. The French chalk should 
be of good commercial quality, should be carefully washed with 
distilled water, dried in a water-oven, and exposed under a bell 
jar to moist air until it has taken up about 0.5% of moisture. It 
should be bottled for use, and with ordinary care the percentage of 
moisture will not alter much. 

The mixture is to be gradually introduced into a test-tube of the 
dimensions prescribed above with the aid of gentle tapping on the 
table between the introduction of successive portions of the mixture 
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into the tube, so that when the tube contains all of the mixture it shall 
be filled to the extent of 1.75 in. of its height. The test-paper is 
then to be inserted and the heat applied in the manner prescribed 
above. The sample tested is to withstand exposure to 160° F. (71.1°) 
for a period of 10 minutes before producing a discolouration of the 
test-paper corresponding in tint to the standard tint-paper. 

Non-gelatinised nitroglycerin preparations, from which the nitro- 
glycerin cannot be expelled by water, are tested without any previous 
separation of the ingredients, the temperature being, as above, 160° F. 
and the time 7 minutes. 

United States Directions for the Heat Test.—The regulations 
issued by the military and naval authorities of the United States 
differ considerably from the English ones: in some respects they are 
more explicit, ia others less so. They are here given in full: 

Blasting gelatin, gelatin dynamite, and analogous preparations are 
also submitted to liquefaction and exudation tests, which are identical 
with those prescribed by the United States Government, g.v. below, 
p. 605. 

Nitroglycerin.—The water-bath of the potassium-iodide-starch 
testing-apparatus is brought to 160° F. (71.1°), and maintained at that 
temperature, being regulated by the thermometer which should be im- 
mersed about 2 3/4 in. in the water. The source of heat should be 
carefully watched, and at no time should the temperature of the bath 
rise or fall more than 1° F. from 160° F. 50 grains of nitroglycerin are 
placed in each test-tube and carefully weighed, being careful not to 
get any on the sides of the test-tube; this may be done by using a suit- 
able dropper or glass tube. 

A piece of test-paper is taken with the pincers and laid down on a 
piece of clean filter-paper. The test-paper is held in place by the end 
of a glass rod which has been thoroughly cleaned, heated, and cooled. 
A small hole is made in the test-paper with the point of the pincers 
opposite the middle of one end of the paper and about o.2 in. from the 
edge. The test-paper is taken up with the pincers, the platinum hook 
inserted through the hole just made, the hook bent with the pincers 
until the throat of the hook is closed tightly on the paper so that it will 

‘stand stiffly up when the paper is held vertically above the glass rod. 
The glass rod with test-paper is placed carefully aside under a bell 
glass or other protecting cover where it will be protected from fumes 
and dust. In the same way the other test-papers are prepared. 


604 MODERN EXPLOSIVES. 


A solution of pure glycerol and distilled water, ia equal volumes, is 
prepared. 

One of the test-papers is taken, held with the paper up, and a drop 
of the glycerol solution is placed on each of the lower corners of the 
test-paper, as held; the paper should absorb this evenly about half-way 
to the opposite upper edge, leaving a distinct line about midway be- 
tween the moistened and the unmoistened parts. One of the test-tubes 
is placed in the bath through one of the apertures in the cover and is 
immersed until the sample is below the surface of the water. ‘The test- 
paper, moistened with glycerol, is placed in the test-tube, and the glass 
rod is moved through the cork until the line between the moistened and 
unmoistened parts of the test-paper is about 5/8 of an in. above the 
upper surface of the cover. This time is recorded. The same is 
done with each of the other 2 test-papers. The line between the 
moistened and unmoistened parts of each test-paper is watched 
carefully, and the exact instant that a faint brown colour’ appears 
on this line of demarcation on each test-paper is recorded. This 
completes the test. 

The nitroglycerin under examination will not be considered “‘thor- 
oughly purified” unless the time elapsed between the insertion of the 
test-paper and the appearance of the brown colour is at least 15 
minutes. The average of the records of all the tubes will be taken. 

Explosive Gelatin.—If explosive gelatin is under examination a 
sample of 50 grains is intimately incorporated with roo grains of 
French chalk, using a wooden pestle in a wooden mortar. The 
French chalk should be of good commercial quality, should be thor- 
oughly washed with distilled water, dried in a water-oven, and then 
exposed to moist air under a bell jar until it has taken up about 0.5% 
of moisture. It should then be placed in a glass-stoppered jar for use. 

Each test-tube is filled with this mixture to a depth of 1 3/4 in., 
the tube being gently tapped on a table to insure a proper degree of 
settling. 

The heat test is then conducted as explained for nitroglycerin. 
Explosive gelatin will not be considered as serviceable unless the 
average time of the test is at least ro minutes. 


Explosive gelatin is subjected also to a liquefaction and exudation 
test as follows: 


1 Tn order to detect this colour promptly, the water-bath should b laced that i 
reflected light falls on the papers. i? ee tas ea 
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Liquefaction Test of Explosive Gelatin.—A cylinder is cut from 
the cartridge having its height equal to its diameter, care being taken 
to have the ends cut flat and true. 

This cylinder is placed on a piece of filter-paper on a smooth clean 
board, and secured to the board by an ordinary pin forced through it 
along its axis into the board. 

It is exposed in this condition for 144 consecutive hours to a tem- 
perature ranging from 85 to go°® F. 

The original height of the cylinder should not decrease more than 
1/4 and the upper cut surface should retain its flatness and sharpness 
of edge. 

Exudation Test of Explosive Gelatin.—There should be no sep- 
aratior. of nitroglycerin in the liquefaction test or under any conditions 
of storage, transport, or use, or when the explosive is subjected three 
times in succession to alternate freezing and thawing. _ 

Loose-fibre Guncotton.—The material is dried at a temperature 
not greater thaa 40° to constant weight; then exposed on trays to the 
air in a room free from fumes, until from 1 to 2% of moisture has been 
absorbed. It is then gently rubbed through a ten-mesh sieve to insure 
uniformity of division, being careful that it does not come in contact 
with the hands or any piece of apparatus not perfectly free from any 
trace of acid or alkali. 1.3 grm. are weighed out and placed in a test- 
tube 5 1/2 to 6 in. long and not less than 1/2 in. internal diameter. 

The potassium-iodide-starch test is conducted as explained for 
nitroglycerin, except that the water-bath is heated to 150° F. (65.5°). 
The test-papers, prepared as already explained, are inserted in the 
test-tubes' and the papers adjusted in the tubes so that the line dividing 
the dry and moist portions of the test-paper is on a level with the lower 
_ edge of the film of moisture which is deposited on the side of the tube 
soon after inserting it in the bath. 

Nitrocellulose intended for the manufacture of smokeless powder 
must not show a brown colour in less than 40 minutes (Army), (Navy, 
30 minutes) at 150° F. (65.5° ). 

Blocks or Discs.—Guncotton for demolition purposes is issued 
in the form of compressed pulp in discs or blocks. This form of 
guncotton is prepared for the heat test as follows: 

Sufficient material to serve for 2 or more tests is removed from the 

1 The standard water bath for nitrocellulose holds ten tubes; it is long and narrow to 


prevent heating the upper part of the tubes as much as possible. Tubes are immersed 2 3/4 
in. in the bath. 
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centre of a block or disc by scraping, and reduced to a fine powder 
by rubbing between pieces of clean, dry filter-paper, This is spread out 
in a thin layer upon a paper tray about 6 by 4 1/2 in., which is then 
placed inside a water-oven, kept as nearly as possible at 120° F. for 
15 minutes, the door of the oven being left wide open. The tray is 
then removed and exposed to the air of the room for 2 hours; during this 
time the material is rubbed on the paper tray with a clean glass rod 
and reduced to a fine and uniform state of division. 

The temperature of the water-bath is the same as for fibre guncotton 
(750° F.). 

There should be no brown within 1o minutes. 

Poacher Sample.—In case the sample is taken during the manu- 
facture of nitrocellulose, it is taken after the poaching and after having 
been thoroughly washed in pure cold water. The sample is pressed 
dry in a hand press and rubbed in a clean cloth until finely divided, 
being careful not to let it come in contact with the hands. 

Smokeless Powder.—The sample should be prepared by cutting 
into slices 0.02 in. thick. These slices are exposed to the air for at 
least 12 hours. 

The test-tube sample consists of 1.3 grm. 

The usual potassium iodide test is followed, except that the tempera- 
ture is considerably higher for simple nitrocellulose powders, being 
100° (212° F.) instead of 65.5° (150° F.). Each sample must stand 
this temperature without showing a brown line for 10 minutes. 

Powders containing nitroglycerin should stand the test at 65.5° for 
20 minutes. 

Precautions.—It is of the utmost importance that all the opera- 
tions connected with the Abel and other trace tests be conducted in a 
room that is quite free from acid fumes, as the test is affected by very 
minute traces of acids and other bodies. It has been calculated by 
Will that the quantity of nitrous acid necessary to affect heat-test paper 
corresponds to 4 X 10-5 mg. of nitrogen. If heat tests have to be carried 
out frequently, it is best to keep a special room for the purpose or, 
better still, a special building remote from any place where acid or other 
fumes are generated. The operator also must be careful not to intro- 
duce anything that can affect the test: he should wash his hands before 
starting the test and should not wear clothes that can have become 
contaminated. 


In 1901, Cullen called attention to the desirability of having a uniform 
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official source for the heat-test papers used throughout the British 
Empire (J. Soc. Chem. Ind., 1901, 20, 8), as very trifling differences in 
the method of preparation affect the results considerably. All con- 
tractors for explosives to the Government can now obtain heat-test 
papers made at the Royal Gunpowder Factory, Waltham Abbey, 
identical with those used by the War Department inspectors throughout 
the Empire. The Home Office also supplies heat-test papers to their 
inspectors and to manufacturers of explosives. Unfortunately, the 
War Department papers are not the same as those of the Home Office, 
as they are made from a thicker filter-paper, and are consequently 
less sensitive. The War Department recommends that the papers be 
kept for 6 weeks before use, instead of 1 month, as laid down by the 
Home Office. 

The United States Government also issues heat-test papers to the 
manufacturers who contract to supply it with explosives. 

If heat-test papers from other than the official source be used, it 
is necessary to compare them with the official papers as regards sensi- 
tiveness. ‘This may be done by having glass rods with two platinum 
hooks side by side, and hanging on each of them one of the papers to 
_ be compared. The heat test is then carried out in the usual way and 
if there is a small difference in the time in which the standard tint 
appears, a correction is applied to all the results obtained with the 
papers in question. If the difference is large, the papers should be 
discarded. 

The objections to the test are due to its extreme sensitiveness. On 
the one hand, samples that are really stable sometimes give low heat 
tests, because they have become contaminated with minute traces of 
some material which is really harmless but affects the iodide and 
starch paper; ozone, for instance, has a powerful effect. On the other 
hand, samples of insufficient stability sometimes give high tests, because 
they contain traces of some substance that interferes with the reaction 
between the oxides of nitrogen and the paper. Mercuric chloride is 
a substance of this kind, for an extremely small proportion will lengthen 
the heat test of the sample very considerably. In Germany it has been 
usual to carry out the final washing of guncotton with water containing 
a little of this salt, ostensibly in order to prevent the growth of fungus 
on the guncotton; but this object car be better achieved by using phenol, 
and it seems probable that the real object is to improve the heat-test. 
At anyrate, this is the view that has always been taken by the authorities 
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in England, and they regard the addition of mercuric chloride or any 
similar masking agent as a most reprehensible practice. 

Until recently there was no test known which would detect these 
minute proportions of mercury in an explosive, but the late Dr. A. 
Dupré, chemical adviser to the Home Office, worked one out which 
enabled him, in 1906, to detect it with certainty in some blasting gelatine 
made by Messrs. Kynoch, Ltd., which had behaved in a suspicious 
manner. He then applied the test to the cordite made by the same 
firm, and found mercury again. In consequence of this legal proceed- 
ings were taken. The methods used for the detection of mercury 
in explosives are given by Messrs. F. H. and P. V. Dupré in the 
Annual Report of H. M. Inspectors of Explosives for 1907, p. 17, 
and are as follows: 


British Home Office Tests for Mercury. 


The apparatus employed for this test consists of two stoppered 
tubes of about 20 c.c. capacity, joined by a capillary tube. To one 
stopper is attached a tube fitted with a good tap. All the grind- 
ing must be done very perfectly so as to keep a vacuum for some 
hours even at a slightly raised temperature. About the centre of 
each tube the electrodes, contained in tubulars slanted up so as to 
prevent the entrance of explosive material, are attached. The parts 
of the tubes below these tubulars are filled with the substance to be 
examined, the stoppers are replaced, and the tube exhausted by means 
of a good pump (not a mercury pump). The parts of the tube con- 
taining the explosive are then immersed in hot water (about go°), 
and a discharge from a powerful induction coil (6 in. spark) passed 
through it. The capillary tube is then examined end on: if a condenser 
is used, the spectrum is greatly intensified. If mercury or a volatile 
mercury salt be present even in very minute quantities, the char- 
acteristic lines of the mercury spectrum are seen in addition to those 
of any other gases that may be present, such as nitrogen, oxygen, and 
hydrogen. The spectrum of nitrogen may be eliminated by passing a 
stream of hydrogen through the cold tube before exhausting; after 
exhaustion, practically only the spectra of mercury, if present, hydrogen 
and oxygen will then be seen. The hydrogen and oxygen spectra 
can never be eliminated, as it is impossible to get rid of the last traces 
of moisture; but this does not in any way interfere with the spectrum 
of mercury. 
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The lines relied on for proving the presence of mercury are the two 
yellow, the green, and the violet of the following wave lengths: the 
yellow 5790 and 5769, the green 5461, and the violet 4359. The 
presence of mercury is not certified, unless all these lines are seen. 
All the apparatus used, tbe, connections, etc., must be carefully 
tested to prove the absence of mercury before each test is carried out. 

Ungelatinised Guncotton.—About 2 grm. of the nitrocotton are 
carefully dried at a temperature not exceeding 120° F. (49°), introduced 
into the special vacuum tube, and the test carried out as ‘described 
above. 

Blasting Gelatin, Gelignite, etc.—About 4 grm. of the explosive 
are ground up with French chalk, introduced into the vacuum tube and 
tested as above. If the explosive contains a considerable amount 
of moisture, the introduction of a piece of calcium chloride above 
the explosive in each limb may be of considerable value. Blank 
experiments must be made with the chalk used before the test is 
carried out. 

Cordite.—15 grm. of the cordite are ground so as to pass through 
the finest sieve of the heat-test set, and extracted with ether for 2 hours. 
The flask ‘is then removed, and a carefully cleaned flask substituted; 
fresh ether is introduced and the extraction continued for a further ro 
hours. The ether is then distilled off, and the flask carefully dried 
at a low temperature. The flask is washed out with several quantities 
of distilled water, a little hydrochloric acid being added to the first 
boiling. The washings are put into a previously ignited platinum 
dish, and the solution electrolysed overnight, using the dish as anode 
and a coil of platinum or gold wire as kathode. Two Leclanché cells 
are used in series for the electrolysis. The wire is then washed with 
water and acetone, dried at a low temperature, dropped into a clean 
narrow test-tube (3 in. by 3/8 in.), and the part of the tube containing 
the wire strongly ignited.. The bottom of the tube is cut off after 
removing the wire, and the remainder dropped into the vacuum 
tube and tested for mercury, as already described. 

Hard Gelatinised Nitrocotton Preparations.—These are treated 
exactly as cordite, unless the explosive contains nothing, which is 
soluble in ether, other than a mercury salt, in which case the pre- 
liminary 2 hours’ extraction with ether is omitted. 

Specially Delicate Tests.—If an ungelatinised nitrocotton has to 
be tested for very minute traces of soluble mercury salts, any desired 

Vor. III.—39 
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quantity can be extracted with ether, and treated as described above 
for hard gelatinised nitrocotton explosives. 

Metallic Mercury.—All the above tests, in which extraction by 
ether is employed, are of course only tests for soluble murcery salts, 
not for metallic mercury. The following very delicate test may be 
used for blasting gelatin or any other explosive when only metallic 
mercury is sought. 

15 grm. or any other quantity, according to the degree of delicacy 
required, are ground up with French chalk and introduced into a 
stoppered bottle. A piece of silver foil is ignited in a combustion tube, 
through which a slow current of hydrogen is passed. This foil is then 
placed in a glass spoon on top of the explosive, and the bottle is tightly 
stoppered and kept at a temperature of go to 100° for 10 to 15 hours. 
The silver foil is then treated in the same way as the coil in the cordite 
TeSE: 

Considerable difficulty has been experienced by firms who have 
been using mercury in their expolsives in the past in getting their 
plant free from all traces of the salt. Even 6 months after the last 
addition of mercury the explosive still contains enough to very seriously 
affect the heat test. In this connection it may be of service to point 
out what an extremely minute amount of mercury may affect the 
result. From quantitative experiments it was found that even 
0.001 mg. of mercury can combine with as much iodine as would be 
liberated by an average sample of blasting gelatin in the 5 minutes 
after the standard tint on the test-paper was reached, or, in other 
words, is capable of masking the heat test to the extent of 5 minutes. 

With reference to the rejection of explosives on account of their con- 
taining mercury, it has been suggested that the main objection to its 
use, viz., its effect on the heat test, might be overcome by introducing 
a piece of silver foil into the tube during the test. It was alleged that 
the mercury was thus entirely retained by the silver and that the true 
test of the explosive was obtained. This point was therefore investi- 
gated, but it was found that, although the effect of the mercury on the 
test-paper was undoubtedly counteracted and a test that had been 
much prolonged by the presence of mercury was considerably 
shortened, yet the silver itself had a considerable masking effect, prob- 
ably due to absorption of the acid vapours by the silver. It was there- 
fore considered that, although the above test might be useful as a sup- 
plementary test for the presence of mercury, it could not be considered 
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to remove the objections to the use of mercury in explosives. The use 
of gold foil was also suggested, but although preferable to silver for use 
with nitrocottoas, in that its masking effect is considerably less, yet, as 
it decomposes nitroglycerin vapour, it cannot be used with nitroglycerin 
explosives. 

Microscopic Test for Mercury.—Hargreaves and Rowe, of the 
Government Laboratory, South Australia, have worked out a process 
in which the microscope is used instead of the spectroscope (J. Soc. 
Chem. Ind., 1907, 26, 813). 100 grm. of blasting gelatin, gelatin 
dynamite, gelignite, etc., are ground up in a mortar with 100 grm. of 
purified French chalk, the grinding being done in small quantities at a 
time. The mixture is placed in a flask in a water-oven and connected 
by glass tubing passing out of the water-oven to a Woulff’s bottle or 
other absorption apparatus containing 50 c.c. of water and 75 c.c. of 
strong sulphuric acid, and the whole gently aspirated, while the flask 
is heated in the bath to the temperature of boiling water. In about 
2 hours the mercuric chloride will be transferred to the dilute sulphuric 
acid in the absorption apparatus. The solution is then subjected to 
electrolysis, a pure gold kathode and platinum anode being used. The 
current required is about 0.5 ampére or less at a pressure of 2 volts. 
The deposition of the mercury on the gold is complete in a few hours, 
but the current may conveniently be left going all night. When the 
quantity of mercury is large, the gold kathode will be seen to be coated 
with mercury, and it may be weighed, and the test thus made quanti- 
tative, but, as a rule, there will not be sufficient deposit to be visible. 
The gold foil is removed from the electrolyte, while the current is still 
running, washed in distilled water, then alcohol, dried, rolled into a 
cornet, and inserted into a glass tube 6 mm. in diameter, sealed at one 
end and expanded at the other and ground flat to fit closely against a 
glass microscope slide. The glass tube is fitted in a hole in a stout 
brass plate and then very gently heated after a dry microscope slide 
has been placed on top. A sublimate will be obtained on the glass 
slide, and care must be taken not to raise the temperature sufficiently 
to revolatilise this. The slide on being examined under the micro- 
scope at a magnification of about 250 diameters by transmitted and 
reflected light will show globules of metallic mercury of large or small 
size according to the skill with which the heating has been conducted. 
If the globules are very small, they may not be readily recognised as 
mercury, but under the conditions of the method any small opaque 
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dots showing brilliant specks by reflected light must be mercury, and a 
repetition of the test will probably show larger globules. 


Other Trace Tests. 

Zinc Iodide and Starch Test.—In Germany, the Netherlands, and 
some other countries a modification of the Abel test is used, zinc iodide 
being substituted for potassium iodide, and it is claimed that the test is 
thereby rendered more sensitive. This, however, is hardly an ad- 
vantage, as the principal fault of the Abel test is its excessive sensitive- 
ness. In Spain a paper is used impregnated with a solution containing 
starch, zinc iodide, and zinc chloride. 

Guttmann’s Test.—Guttmann carried out a series of experiments 
to find a reagent which would not be masked by solvents such as 
ether-alcohol and ethyl acetate nor by such substances as mercuric 
chloride (J. Soc. Chem. Ind., 1897, 16, 293). He decided upon a paper 
impregnated with diphenylamine in sulphuric acid solution. Of the 
diphenylamine 0.100 grm. is dissolved in 4o c.c. of water together with 
to c.c. of concentrated sulphuric acid, and when cold an equal volume 
of pure glycerol is added. Filter-paper is well washed, dried, and cut 
into strips 1.0 in. by 0.4 in. One of these strips is suspended from a 
hook, as in the Abel heat test, and the top edge is moistened with 2 drops 
of the reagent, so that they run together and cover about a quarter of 
the paper. Otherwise the test is carried out like the Abel test at a 
temperature of 70°. The moistened part of the paper after a time be- 
comes greenish-yellow and then a dark blue mark appears at the di- 
viding line between the moist and dry parts of the paper. This is the 
end of the test. The test has been adopted by the Belgian military 
engineers and is in use in several other countries, but unfavorable 
reports have been made by several investigators who have been 
unable to obtain concordant results with this test. 

Spica’s Test.—In this test m-phenylene diamine hydrochloride and 
cane-sugar are used to impregnate the paper. The reagent is much 
more sensitive than potassium iodide and starch, and for this reason has 
not been adopted extensively. 

Several other “trace tests” have been proposed, but none of them 
have come into general use. 


Fume Tests. 


Vieille Test.—In this test the explosive is heated at 110° in a closed 
tube with litmus-paper in a specially designed bath. The quantity 
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of explosive taken is 10 grm., preferably in one piece; this is heated in 
the bath for a day of 8 hours or until the litmus-paper has assumed 
a standard red tint. Next day this is done again with a fresh piece of 
litmus-paper, and the procedure is repeated until the litmus-paper is 
reddened in x hour. All the times are then added together and the 
total time is noted. This test has been adopted officially in France 
and is also used considerably in other countries, but it is considered 
by some investigators to be unreliable (see Sy, J. Franklin Institute, 
1908, 166, pages 249, 321 and 433). 

German 135° Test.—This is a test which is much used for nitro- 
celluloses. The following are the particulars of the method as carried 
out in the United States Ordnance Laboratory (see Sy, J. Franklin 
Inst., as above, also J. Amer. Chem. Soc., 1903, 25, 550). 

2.5 grm. of the sample to be tested are dried at the ordinary tempera- 
ture of the laboratory for 12 hours and placed in a strong test-tube. 
A piece of blue litmus is placed in the tube about 1/2 in. above the 
sample, the paper being folded lightly so as to give the folds sufficient 
elastic power to hold the paper in place by pressure against the sides 
of the tube. The tube is lightly closed by a cork with a hole o.15 in. 
diameter bored through it, and so placed in a bath of boiling xylol (the 
b. p. of which is 135°) that only 6 or 7 mm. project above the surface. 

Examination of each tube is made each 5 minutes after 20 minutes 
have elapsed. In making this examination the tube should be with- 
drawn only 1/2 its length and quickly replaced. 

2 tubes are used in each test, and there must be no failure in 
either tube. 

Three observations are made: 1. Time of complete reddening of 
litmus-paper; 2. time of appearance of brown nitric oxide fumes; 
3. time at which the sample exploded. 

Stable explosives should give the following times: 


Litmus not red- No nitric No explo- 
dened in fumes in sion in 
Uncolloided nitrocellulose. .... 30 min. 45 min. 5 hrs. 
Pure nitrocellulose powder.... t hr. 15 min. 2 hrs, 5 hrs. 
Nitroglycerin powders ........ 30 min. 45 min. 5 hrs. 


For the results to have value they should be compared with that of 
a known stable explosive of the same kind, under the same test by 
the same operator, using the same test-paper. 
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Ungelatinised nitrocellulose should be well shaken down in the 
tube by tapping, or lightly pressed down. 

Explosion Test. (See Sy, J. Frank. Inst., as above).—A small 
sample of the explosive, usually 0.1 grm., is placed in a small test- 
tube, which is then tightly corked and placed in a paraffin bath 
at 100°. The bath is now stirred and heated so that the temperature 
increases 5° per minute. The temperature is noted at which the 
sample explodes. The following are the lower limits of the explosion 
temperatures for satisfactory samples, as required by the United States 
Ordnance Department: 


Nitrocellulose sc2 2 50 aerator ota ue ea ener ere 186° 
Nitrocellulosespowdereeyacc ie te it ee ee 177° 
INitroglycerined sists nth Note nei ise ines hokage ean cree tree 170° 


The results are found to be reliable when the explosive is either very 
good or very bad. Variations in the results may be caused by differ- 
ences in manipulation, especially in the rate of raising the temperature. 

Waltham Abbey Silvered Vessel Test.—This is a test which has 
been adopted by the British War Department for the examination of 
cordite which has been in the Service for some time and gives a low 
heat test. It has been designed to imitate the conditions of storage 
as closely as possible; at present it is only applied if the heat test at 
160° F. is below 8 minutes and above 4 minutes. Full instructions 
for carrying out the test are given in the ‘‘Regulations for Army 
Ordinance Services, Part II” (Wyman & Sons, 1908), pp. 162 to 167. 
The cordite is ground as for the heat test and about 50 grms. are placed 
in a glass vessel surrounded with a vacuum jacket silvered to reduce 
loss of heat. To the neck of the vessel and at right angles to it is 
fused a long tube, in order to be able to observe any red fumes as soon 
as they are given off. A thermometer is introduced through the neck 
into the centre of the powder. These vessels are placed in recesses 
in the top of a bath, which is maintained at such a temperature that 
the thermometers indicate 80° + 0.19. After a time red fumes will 
appear in the side tube, and a few hours later the temperature of the 
cordite begins to rise. The time is noted when the temperature has 
risen 2.0°. A good cordite when new will stand this test for 500 or 
600 hours. When the test has fallen below 200 hours the cordite is 
considered ‘unserviceable’? and is destroyed. The test should be 
carried out in a special building in consequence of the danger of 
explosion of the considerable quantities of cordite involved. The 
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temperature of the bath is kept constant by using a Lowry regulator 
(see Introduction, Vol. 1), if a gas supply be available; if not, the bath 
must be provided with a reflux condenser and filled with a liquid 
which boils at the right temperature; a mixture of water and 
methylated spirit is suitable. 

Quantitative Tests. Will Test.—In this 2.5 grm. of dried nitro- 
cellulose are heated in a bath at 135° in a current of carbon dioxide. 
The gases are passed over heated copper and copper oxide asbestos, 
and then through strong potash solution, and the residual gas, which 
is nitrogen, is measured every 15 minutes. A good guncotton gives a 
steady evolution of about 1.25 mg. of nitrogen per hour 
from 2.5 grm.; a bad one gives a higher and more 
irregular evolution. For particulars of the method see 
Will, Muittheilungen der Centralstelle, Neu Babelsberg, 
1900, 2, also Robertson, J. Soc. Chem. Ind., 1901, 20, 609. 
The apparatus is somewhat expensive and very great care 
and constant attention are required to obtain satisfactory 
results. 

Bergmann and Junk Test.—The Prussian military 
authorities have adopted a test devised by Bergmann 
and Junk (Zeits. ang. Chem., 1904, 982). It has the 
merit of being quantitative and does not require such an 
elaborate apparatus as the Will test. In this test the guncotton is 
heated in a glass tube at 132°, and the nitrous gases are absorbed in 
water, and when the heating is finished they are estimated by the 
Schultze-Tiemann method. The boiling is carried out in a thick- 
walled glass tube 35 cm. long and 2cm. internal diameter. Into the 
neck is ground a hollow glass stopper, which is surmounted by the 
absorption apparatus shown in Fig. 25. 

The heating bath is a rectangular copper vessel 35 cm. x Io cm. x 
25 cm. high, with ro tubes, each 20 cm. long, let into it to take the glass 
tubes. It is also fitted with a reflux condenser and a small tube to take 
a thermometer; it is filled with amyl alcohol, which is kept boiling. 

In the original paper there is a description of an elaborate wooden 
cupboard to hold the testing apparatus, so that in case of an explosion 
the effects may be confined. It is, however, expensive and greatly 
increases the danger of fire. A large piece of plate glass should be 
erected in front of the apparatus with a piece of woven wire of coarse 
mesh before it, and there should be an arrangement of cords and 
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pulleys to enable the operator to remove any tube from the bath with- 
out handling it. 

The guncotton is dried in a bath with a good current of air at a 
temperature of 50° C. Then it is passed through a sieve and the dry- 
ing is continued in a desiccator over sulphuric acid until it contains not 
more than 1% of water. 2 grm. are weighed out and introduced into 
the tube of the apparatus, any particles adhering to the sides being re- 
moved by knocking the tube or brushing it down with a feather. The 
glass stopper is slightly lubricated with good mineral lubricating oil and 
is inserted, the beaker is half-filled with water, and the glass tube is in- 
troduced into one of the holes in the bath, which should be at a tem- 
perature of 132°. The heating is continued for 2 hours or other con- 
venient time, and then the tube is removed from the bath. As the air 
in the tube contracts the water is drawn out of the beaker, onto the 
cotton. The absorption apparatus is washed out into the tube, and 
the volume is.made up to the 50 c.c. mark which is on the tube. ‘The 
liquid its then filtered, 25 c.c. of the filtrate are taken, 1 c.c. of N/2 
potassium permanganate solution is added to oxidise the nitrous to 
nitric acid, and the nitrogen is estimated by the Schultze-Tiemann 
method (q. v. above). A good guncotton in 2 hours should not give 
more than 2.5 c.c. of nitric oxide. The results obtained agree well 
with those of the Will test. 

_ The U. S. Army Ordinance 115° Test (for Nitrocellulose 
Powders).—Whole pieces of powder are carefully weighed on watch- 
glasses and then heated in a bath kept at 115°-++-or—1/2°for 8 hours. 
The sample is then removed, allowed to cool in a desiccator, and re- 
weighed. This is repeated six times on six separate days. At the 
end of this time the total loss of weight should not exceed 8%, if the 
powder is stable enough for military purposes. 

The bath may be maintained at 115° by filling the walls of the oven 
with a properly proportioned mixture of xylol and toluol. A reflux con- 
denser prevents loss of the liquid by evaporation. 

The temperature, 115°, is the one that most clearly differentiates 
the decomposition of good powders from bad ones in a reasonable 
time limit. If a lower temperature is used, it requires too long a time 
to establish trustworthy data; if a higher temperature is used, the 
curves plotted to show the rate of loss of weight of good powders are 
not so clearly separated from those plotted to show the same for bad 
powders. (See Sy, J. Amer: Chem. Soc., 1905, 25, 550.) | 
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[Photographic Flash Powders.—Although not usually classed as 
explosives many of these preparations are dangerous, ignorance of 
this fact having led to loss of life and property. As arule, magnesium 
powder is used with some oxidising agent. In the older formule 
potassium permanganate, potassium dichromate and potassium chlo- 
rate were used. Picric acid was frequently added. Such mixtures 
are dangerous even when freshly prepared, and become still more so 
on keeping as picrates are formed. A mixture of magnesium (or 
aluminum) powder, barium nitrate, sodium chloride and amorphous 
phosphorus was introduced and regarded as safe but an explosion in 
Philadelphia did much damage. One of the most used powders used 
in the United States consists of magnesium powder, chlorate of potash 
and a little red phosphorus. 

Analysis of such preparations can generally be made by inspection. 
The ingredients are not usually ground fine, and can be picked out 
under a lens of moderate power. Water will dissolve the oxidizing 
agents. Such substances as magnesium and amorphous phosphorus 
are left in the residue.—H. L.] 
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| 
Cc F Cc F, Cc F 
2000.0 3632.0 eet atu 2500.0 800.0 1472.0 
1900.0 3452.0 1300.0 2372.0 760.0 1400.0 
1800.0 3272.0 1200.0 2192.0 704.4 1300.0 
I700.0 3092.0 I100.0 2012.0 700.0 1292.0 
1648 .7 3000.0 1093 -3 2000.0 648 .8 I200.0 
1600.0 2912.0 1000.0 1832.0 600.0 III2.0 
1500.0 2732.0 goo.o 1652.0 593-3 II00.0 
1400.0 2552.0 815.5 1500.0 537 1000.0 
Cc F Cc F. Cc F 
SOTA, 1000.0 421.1 790.0 304.4 580.0 
5S 2nL 990.0 420.0 788.0 300.0 572.0 
530.0 986.0 415.6 780.0 298 .6 57a.0 
526.6 980.0 410.0 770.0 293.1 560.0 
S20 ely 970.0 404.4 760.0 290.0 554.0 
520.0 968.0 400.0 T5250 287 .6 550.0 
515.6 960.0 398.6 750.0 282.1 540.0 
510.0 950.0 BOR aE 740.0 280.0 536.0 
504.4 940.0 390.0 734.0 276.6 530-0 
500.0 932.0 387 .6 730.0 271. 520.0 
498.0 930.0 382.1 720.0 270.0 518.0 
493.2 920.0 380.0 716.0 265 .6 510.0 
490.0 914.0 376.6 710.0 260.0 500.0 
487 .7 gI0.0 27 EST 700.0 259.4 499.0 
482.1 goo0.0 370.0 698.0 259.0 498.2 
480.0 896.0 365.6 690.0 258.9 498.0 
476.6 890.0 360.0 680.0 258.3 497.0 
471.1 880.0 354.4 670.0 258.0 496.4 
470.0 878.0 350.0 662.0 257-8 496.0 
465.6 870.0 348 .6 660.0 ony a2 495-0 
460.0 860.0 343.1 650.0 257.0 494.6 
454-4 850.0 340.0 644.0 256.6 494.0 
450.0 842.0 B27 10 640.0 256.1 493-9 
448 .6 840.0 B32 a0 630.0 256.0 492.8 
443.1 830.0 330.0 626.0 255.5 492.0 
440.0 824.0 320.6 620.0 255.0 491.0 
437.6 820.0 B25. 610.0 254.4 490.0 
432.1 810.0 320.0 609.0 254.0 489.2 
430.0 806.0 315.6 600.0 253-9 489.0 
426.6 800.0 310.0 590.0 253.3 488.0 
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Cc F | Cc 5G Cc F 

253.0 487 .4 236.6 458.0 220.0 428.0 
252.8 487 .O 236.1 457.0 219.4 427.0 
252.2 486.0 236.0 450.8 219.0 426.2 
2525.0 485.6 235.5 456.0 218.9 426.0 
251.6 485.0 235.0 455-0 218.3 25.0 
oa: 484.0 234.4 454.0 218.0 424.4 
251.0 483 .8 234.0 453-2 217.8 424.0 
250.5 483.0 233.9 Hieron | 217.2 423.0 
250.0 482.0 233-3 45250) =| 217.0 422.6 
240.4 481.0 233.0 451.4 | 216.6 422.0 
249.0 480.2 232.8 451.0 216.1 421.0 
248 .9 480.0 23202 450.0 216.0 420.8 
248 .3 479.0 232.0 449.6 215.5 420.0 
248.0 478.4 231.6 449.0 BESO 419.0 
247.8 478.0 Qe em 448.0 214.4 418.0 
247.2 477.0 220 447.8 214.0 417.2 
247.0 476.6 230.5 447.0 213.9 417.0 
246.6 476.0 230.0 446.0 253-8 416.0 
246.1 475.0 220.4 445.0 213.0 415.4 
246.0 474.8 220.0 444.2 212.8 415.0 
245.5 474.0 228.9 444.0 21252 414.0 
245.0 473.0 228 .3 443.0 212.0 413.6 
244.4 472.0 228.0 442.4 211.6 413.0 
244.0 Ae, 227.8 442.0 air .r 412.0 
243.9 471:0 227-2 441.0 211.0 411.8 
243 .3 470.0 227.0 440.6 210.5 4II.0 
243.0 469.4 226.6 440.0 210.0 410.0 
242.8 469.0 226.1 439.0 209.4 409.0 
242.2 468.0 226.0 438.8 209.0 408 .2 
242.0 467 .6 225 15 438.0 208 .9 408.0 
241.6 467.0 225.0 437.0 208 .3 407.0 
241. 466.0 224.4 436.0 208.0 406.4 
241.0 465.8 224.0 435.2 207.8 406.0 
240.5 465.0 2237.0 435.0 207.2 405.0 
240.0 464.0 BOSS a 434.0 207.0 404.6 
230.4 463.0 DO SO 433.4 206.6 404.0 
239.0 462.2 222.8 433.0 206.1 403.0 
238.9 462.0 22262 432.0 206.0 402.8 
238.3 461.0 222.0 431.6 205.5 402.0 
238.0 460.4 221.6 431.0 205.0 401.0 
237.8 460.0 Baya 430.0 204.4 400.0 
e302 459.0 221.0 429.8 204.0 399.2 
237.0 458 .6 220.5 429.0 203.9 399.0 
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Cc. F. C. FB. Cc F 

203.3 398.0 187.0 368 .6 170.5 339-0 
203.0 397 -4 186.6 368.0 170.0 338.0 
202.8 397.0 186.1 367.0 169.4 337.0 
202.2 396.0 186.0 366.8 169.0 330.2 
202.0 395.6 185.5 366.0 168.9 336.0 
201.6 395.0 185.0 365.0 168.3 335-0 
201.1 394.0 184.4 364.0 168.0 334-4 
201.0 393-8 184.0 363.2 167.8 334.0 
200.5 393.0 183.9 363.0 167.2 333.0 
200.0 392.0 183.3 362.0 167.0 332.6 
199.4 391.0 183.0 361.4 166.6 332.0 
199.0 390.2 182.8 361.0 166.1 331.0 
198.9 390.0 182.2 360.0 166.0 330.8 
198.3 389.0 182.0 359-0 165.5 330.0 
198.0 388.4 181.6 359.0 165.0 329.0 
197.8 388.0 181.1 358.0 164.4 328.0 
IQ7.2 387.0 I8I.0 357-8 164.0 227).2 
197.0 386.6 180.5 357-0 163.9 327.0 
196.6 386.0 180.0 350.0 163.3 326.0 
196.1 385.0 179.4 355.0 163.0 325.4 
196.0 384.8 179.0 354.2 162.8 325.0 
195-5 384.0 178.9 354-0 162.2 324.0 
195.0 383.0 178.3 353.0 162.0 323.6 
194.4 382.0 178.0 352.4 161.6 323.0 
194.0 381.2 177.8 352.0 TO Bea 322.0 
193.9 381.0 fia 351.0 I6I.0 321.8 
193.3 380.0 1777.0 350.6 160.5 325 40 
193.0 379-4 176.6 350.0 160.0 320.0 
192.8 379.0 7 Oe 349.0 159.4 319.0 
192.2 378.0 176.0 348.8 159.0 318.2 
192.0 377.6 1 RIS 348.0 158.9 318.0 
191.6 B77 EO 175.0 347.0 158.3 2570 
IQI.1 370.0 174.4 346.0 158.0 316.4 
IQI.o 375.8 174.0 345.2 157.8 316.0 
190.5 375-9 173-9 345-0 157 -2 315-90 
190.0 374.0 ©7368 344.0 ESO 314.6 
189.4 373.0 173.0 343-4 156.6 314.0 
189.0 B72k2 172.8 343.0 156.1 353.0 
188.9 B7/2.0 W722 342.0 156.0 312.8 
188.3 371.0 172.0 341.6 155-5 B20 
188.0 370.4 171.6 341.0 I55.0 201.0 
187.8 370.0 7a, 340.0 154.4 310.0 
187.2 369.0 71.0 339.8: 154.0 309.2 
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C. Be Cc. FE. Cc. FB, 

153-9 309.0 137.2 279.0 I2I.0 249.8 
153.3 308.0 Liga) 278.6 120.5 249.0 
I53.0 307.4 136.6 278.0 I20.0 248.0 
152.8 307.0 136.1 277.0 II9g.4 247 .0 
T6222 306.0 136.0 276.8 IIg.0 246.2 
152.0 305.6 Tiss 276.0 118.9 246.0 
TLE KO) 305.0 135.0 275.0 118.3 245.0 
TS Dey 304.0 134.4 274.0 118.0 244.4 
I51.0 303.8 134.0 27312 117.8 244.0 
I50.5 303.0 133.9 273.0 Lis 243.0 
I50.0 302.0 T3308 272.0 II7.0 242.6 
149.4 301.0 133.0 27 tA 116.6 242.0 
149.0 300.2 132.8 271.0 116.1 241.0 
148.9 300.0 132.2 270.0 116.0 240.8 
148.3 299.0 132.0 269 .6 P55 240.0 
148.0 208 .4 TE rO 269.0 II5.0 239.0 
147.8 298.0 iter 268 .o 114.4 238.0 
147.2 297.0 I3I.0 267.8 II4.0 2342 
147.0 296.6 130.5 267.0 TI3'.0 237.0 
146.6 296.0 I30.0 266.0 DES 236.0 
146.1 295.0 129.4 265.0 703.0) 235.4 
146.0 294.8 I29.0 264.2 112.8 235.0 
145-5 204.0 128.9 264.0 Te 28e 234.0 
145.0 293.0 128.3 263.0 II2.0 233 -6 
144.4 292.0 128.0 262.4 111.6 233.0 
144.0 291.2 WW NGf etal 262.0 DTT 232.0 
143.9 291.0 UP) 261.0 III.o 231.8 
143.3 290.0 THI sO 260.6 IIO.5 231.0 
143.0 289.4 126.6 260.0 IIO.0 230.0 
142.8 289.0 126.1 259.0 109.4 229.0 
TA 22 288 .0 126.0 258.8 109.0 228.2 
142.0 287 .6 125.5 258.0 108.9 228.0 
141.6 287.0 I25.0 257.0 108.3 227.0 
I4r.1 286.0 124.4 256.0 108.0 226.4 
I4I.0 285.8 124.0 255.2 107.8 226.0 
I40.5 285.0 123.9 255.0 107.2 225.0 
140.0 284.0 LETS 6 254.0 107.0 224.6 
139.4 283.0 123.0 253-4 106.6 224.0 
139.0 282.2 122.8 253.0 106.1 223.0 
138.9 282.0 T22)02 252.0 106.0 222.8 
138.3 281.0 122.0 251.6 105.5 222.0 
138.0 280.4 121.6 251.0 I05.0 221.0 
Ler 280.0 T2E oT 250.0 104.4 220.0 
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G. F. C. FP, C. F. 

104.0 219.2 87.8 Ig0.0 Tika 160.0 
103.9 219.0 87.2 189.0 (use) 159.8 
103.3 218.0 87.0 188 .6 Fons 159.0 
103.0 217.4 86.6 188.0 70.0 158.0 
I02.8 217.0 86.1 187.0 69.4 T5750 
O22 216.0 86.0 186.8 69.0 156.2 
I02.0 215.6 85.5 186.0 68.9 156.0 
Ior.6 215.0 85.0 185.0 68 .3 I55.0 
Teh ait 214.0 84.4 184.0 68.0 154.4 
IOI.o 213.8 84.0 Tesh 67.8 154.0 
I00.5 213.0 83-9 183.0 67.2 153.0 
100.0 212.0 83.3 182.0 67.0 152.6 
99-4 2i150 83.0 181.4 66.6 152.0 
99.0 210.2 82.8 181.0 66.1 15.0 
98.9 210.0 2 2y a 180.0 66.0 150.8 
98 .3 209.0 82.0 179.6 O55 I50.0 
98.0 208 .4 81.6 179.0 65.0 I49.0 
97.8 208.0 81.1 178.0 64.4 148.0 
97.2 207.0 81.0 177.8 64.0 147.2 
97.0 200.6 80.5 ny fy EAS) 63.9 147.0 
96.6 206.0 80.0 176.0 63.3 146.0 
96.1 205.0 P7004: 175.0 63.0 145.4 
96.0 204.8 79.0 BAe 62.8 145.0 
95-5 204.0 78.9 174.0 62.2 144.0 
95.0 203.0 78.3 173.0 62.0 143.6 
04-4 202.0 78.0 yaaa: 61.6 143.0 
94.0 201.2 77.8 £72). 61.1 I42.0 
93-9 201.0 9 72 187 IAC) 61.0 141.8 
93-3 200.0 rp KO) 170.6 60.5 I41.0 
93.0 199.4 76.6 170.0 60.0 I40.0 
92.8 199.0 76.1 169.0 59-4 139.0 
92.2 198.0 76.0 168 .8 59.0 138.2 
92.0 197 .6 75-5 168.0 58.9 138.0 
91.6 197.0 715. 167.0 58.3 137.0 
gI.t 196.0 74-4 166.0 58.0 136.4 
gI.o 195.8 74.0 165.2 57.8 136.0 
90.5 195.0 73-9 165.0 Shee) 1315/30 
go.o 194.0 Geyer 164.0 57.0 134.6 
89.4 193.0 73.0 163.4 56.6 134.0 
89.0 192.2 72.8 163.0 56.1 13320 
88.9 192.0 Woke 162.0 56.0 i32).0 
88.3 IQI.0 72.0 161.6 So 132.0 
88.0 190.4 71.6 161.0 55.0 131.0 
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Vot. III.— 40 


Cc | F. C F. re, F. 
54.4 130.0 38.0 100.4 21.6 TENO 
54.0 129.2 37.8 100.0 21.01 70.0 
53-9 129.0 Bye 99.0 21.0 69.8 
noes 128.0 37.0 98.6 20.6 69.0 
Tl 127.4 36.6 98.0 20.0 68.0 
52.8 | 127.0 36.1 97.0 19.4 67.0 
Beak 4) tielo Me, 36.0 96.8 19.0 66.2 
52.0 125.6 25e5 96.0 18.9 66.0 
51.6 125.0 35.0 95.0 18.4 65.0 
Sou I24.0 34.4 94.0 18.0 64.4 
I) 123.8 34.0 93.2 st Oy 64.0 
50.5 123.0) 33-9 93.0 ae 63.0 
50.0 122.0 BRn 2 92.0 I7.0 62.6 
49-4 I2I.0 33.0 OI.4 16.6 62.0 
49.0 120.2 32.8 Qg1I.o 16.1 61.0 
48.9 120.0 Bane go.0 16.0 60.8 
48 .3 IIg.0 32.0 89.6 15.55 60.0 
48.0 118.4 air © 89.0 I5.0 59.0 
47.8 118.0 Ett 88.0 14.4 58.0 
Ave 117.0 31.0 87.8 14.0 57-2 
47.0 116.6 30.5 87.0 13.9 57-0 
46.6 116.0 30.0 86.0 r3 56.0 
406.1 in iH Af) 29.6 85.0 13.0 Soen 
46.0 114.8 29.0 84.2 EQ 55.0 
ais 35 II4.0 28.9 84.0 T2n2 54.0 
45.0 ruse AO 28.3 83.0 12.0 53-6 
44.4 TEP aRO) 28.0 82.4 oO 53-0 
44.0 THIET A) 27.9 82.0 II. 52.0 
43-9 III.O B78 81.0 DEO 51.8 
43-3 II0.0 27.0 80.6 10.6 51.0 
43.0 109.4 26.7 80.0 I0.0 50.0 
42.8 109.0 26.2 79.0 9-4 49.0 
42.2 108.0 26.0 78.8 9.0 48.2 
42.0 107.6 25.6 78.0 8.9 48.0 
41.6 107.0 25.0 Hoe 8.3 47.0 
41.1 106.0 24.4 76.0 8.0 46.4 
41.0 105.8 24.0 toe Tieih 46.0 
40.5 105.0 23.9 W5a0 oe 45.0 
40.0 I04.0 Deane) 74.0 7.0 44.6 
39.4 103.0 23.0 73-4 6.6 44.0 
39-0 102.2 Op 73.0 6.1 43.0 
38.9 102.0 22.2 | 72.0 6.0 42.8 
38.3 IOI.O 22.0 | 71.6 5.6 42.0 
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Cc. F, Cc F. Cc. F, 
i) 
5.0 41.0 —11.6 II.O — 28.0 —18.4 
4.4 40.0 —12.0 10.4 — 28.3 —19.0 
4.0 39.2 —12.2 I0.0 — 28.9 —20.0 
3.9 39.0 —12.7 (Ke) —29.0 —20.2 
Bok 38.0 —13.0 8.6 —20.4 —21.0 
Bao Blep ol Gis 8.0 =30.0 —22.0 
Qi, 37.0 113). 7-0 i = =3055 — 23.0 
2.2 36.0 —14.0 6.8 | hao —23.8 
2.0 35-6 —14.4 6.0 || =3r —24.0 
1.6 35.0 =25 70 ee) —=31 6 —25.0 
dy 34.0 = 55-5 4.0 = 3210 —25.0 
I.0 33.8 LO. 3.2 a = 20):0 
0.6 AGS 6) —16.1 3.0 1321.7 = 27). 
0.0 32.0 —16.6 2.0 = 33.0 Hage 
= O)5, Bio —rigf ho) ina! —33.3 = 28.0 
TO 30.2 =17.2 I.0 — 33-9 — 29.0 
= Lek 30.0 Wh ty ff 0.0 =540 — 20.2 
8 (0) 29.0 = 1310 leh = 34.24 —30.0 
(250 28.4 —teigg! =i 0 [i ==35 0 =31-0 
aah 28.0 —18.8 SARS) FP Pe a = 32.0 
—2.7 27.0 —19.0 —2.2 || —36.0 —g2 8 
ano 26.6 = TOu A 2.0 = 30.1 —=3'3).0) 
= PR 26.0 » 2070 =—A50 — 36.6 =—94'-0 
BG 25.0 S205 =O —37.0 —34.6 
at Be) 24.8 = 20 S35 153 iif 52 = ate) 
4.4 24.0 =i ta —6.0 Se ey =30.0 
—=5..0 23.0 —21.6 70 | —38.0 801.4. 
S555 22.0 —22.0 SH (6) =38.3 —B75o 
AGC Bin? —22.2 O20 — 38.9 —=—eoa 
SO 21.0 —22.7 —=0).10 =39..0 oic2 
= 61.6 20.0 — 23.0 —9.4 —39.4 =20./0 
7) 19.4 = 23.3 —=10.0 — 40.0 — 40.0 
=—7.2 Ig.0 23.0 =FL0 —40.5 =A 50 
Shp] I8.0 = 24.0 —I1.2 —41.0 = AT. 
—8.0 17.6 —24.4 —12.0 —4I.I —42.0 
ths) 17.0 ISAC Se =A SAS 
123}4(0) 16.0 mag 56 =14.0 | =—42.0 = 4en0 
=O 15.8 — 26.0 —14.8 —42.2 —44.0 
—0)-4) I5.0 —= 26.00 55 <0 Aan —45.0 
—10.0 I4.0 — 26.6 —16.0 AZ 4504: 
Ons E30 == X00) —16.6 Asn — 46.0 
—Ir.0 12.2 27002 1) fe) —43.8 —4720 
SLE ae 12.0 SPybca =18..6 —44.0 ENP 
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Cc F Cc. F Cc F 
—44.4 — 48.0 —61.1 —78.0 —77.7 —108.0 
—45.0 —49.0 — 61.6 —79.0 —78.0 —108 .4 
A'S \15 —Tye)e! —62.0 —79.6 —78.3 —1I09.0 
—46.0 50.8 = O22 —80.0 —78.8 —II0.0 
SA One eli Xe) =62).7 — SEO = 710) 0 110.2 
— 46.6 = 52.0 = '63).0 —81r.4 —79-4 —III.o 
ATO p52 = ORnIs —82.0 — 80.0 E20 
ale ne =5 NO — 63.8 —83.0 —80.5 =113.0 
AT —54.0 — 64.0 —83.2 —81.0 =—I13..8 
— 48.0 —54.4 —64.4 —84.0 —81.1 —II4.0 
SaAoes SE} 50) O50 —85.0 —81.6 —II5.0 
—48.8 501.0 =105 45 — 86.0 =—§82'.0 —115.6 
—49.0 —56.2 —66.0 —86.8 —82.2 —I16.0 
—49.4 —57 10 —66.1 —87.0 —82.7 —I1I7.0 
—50.0 —58.0 — 66.6 —88.0 —83.0 —II7.4 
= Ghee Xo} 6) —67.0 —88.6 —83.3 —118.0 
— 51.0 =50 35 =67..2 —89.0 =83.8 =II09.0 
SS Gina =(001.0 Overy Siase —84.0 =II0.2 
HES) —61.0 — 68.0 —90.4 —84.4 —120.0 
='52.0 (O00 — 68.3 — O50 —§85.0 —1I2I.0 
Spee) —62.0 — 68.8 =92'0 =85..5 —122.0 
SIC —63.0 —69.0 92.2 — 86.0 122.8 
5 06) = 03.4 —69.4 —03 0 —86.2 123.0 
ia ast —64.0 —70.0 —94.0 —86.6 —124.0 
—53.8 —65.0 Hons —95.0 — 87.0 —124.6 
—54.0 Ore Sh) —95.8 OTe —125.0 
754-4 — 66.0 Sayfa — 96.0 =87..7, —126.0 
—55.0 —67.0 7 TAO =07.0 —88.0 —126.4 
—55.5 —68.0 —72.0 —97.6 —88 .3 —127.0 
—56.0 —68.8 —72.2 —98.0 — 88.8 —128.0 

SS Oe E —69.0 ay ley | —99.0 —8g.0 —128.2 
—56.6 —H0\:0 SHAS —99.4 —89.4 —129.0 
Shae —70.6 73.3 —1I00.0 —9g0.0 —130.0 
oe fie te) hes ——ROTKO —90.5 —13I.0 
yy y/o) tO — TOL. 2 —9gI.0 Sea 
—58.0 OA. TAA, =102).0 =Q1.2 T3240) 
— 58.3 720. fae er tnte) =—091.6 ane Tetexe) 
—58.8 =74.0 =75.5 —104.0 —92.0 —133.6 
—59.0 =74..2 —76.0 —104.8 —92.2 —134.0 
—59-4 Wy /lvato) 70en —105.0 aa 27 —=F25/.0 
—60.0 =—70.0 — 760 —106.0 =93.0 —135.4 
—60.5 =—77 0 aT EO —106.6 —93-3 —136.0 
—61.0 hots’ =< iff oe: SOTO — 93.8 13750 
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Cc F Cc F Cc F. 
—94.0 — 7374.2 — TIO —167.8 Sai 2 / 107-0 
—94.4 — 538-0 — ET Tet — 168.0 = 127-7 —198.0 
—95.0 — 139.0 eS) — 169.0 =—128-.0 —1098.4 
—95-5 —1I40.0 = sTeaO —169.6 128.3 —199.0 
—96.0 —140.8 Se 170; 0 —128.8 — 200.0 
SANT —I41.0 en —L7EEO —129.0 —~o0n2 
=066 —142.0 =113.0 —I7I.4 129.4 — 201.0 
—07=0 —142.6 SEEN —=172:.0 —130750 (202510 
—o7E2 — 143.0 113.8 —17320 —13055 — 203.0 
=07-7 —144.0 114.0 —173.2 | —2gino — 203.8 
—98.0 —144.4 —1II4.4 —174.0 || —I31.1 — 204.0 
— 98.3 AGO — E1510 27/5. 0 —131.6 — 205.0 
— 98.8 —146.0 =—IT5.5 —176.0 — 132.0 — 205.6 
—99.0 —146.2 = tOn0 yore ioe 2000 
—99-4 —I47.0 = TO. ci 2771.0 =132)7 —2O7no 
—100.0 —148.0 —116.6 —178.0 = gao — 207 -4 
T0075 —149.0 ir 7O) = 17 Sn0 rag — 208.0 
—I0r.0 —149.8 Si —279.0 133-8 — 209.0 
Loner = 150.0 —II7.7 — 180.0 —1347.0 — 209 .2 
—101.6 —TST.O —118.0 —180.4 —134.4 — 210.0 
—102/0 —I5r.0 =i118..3 Saakehinie) — M3510 — 251.0 
——tO2 72 — 152.0 —1I8)8 —182.0 — 7355 =r 2e0 
—102.7 —153.0 —IIg.0 —182.2 —130.0 — 272.8 
— 103.0 —153.-4 —T10).4 52.10 =i OE = 2igis0 
— 103.3 —154.0 —120.0 — 184.0 —136.6 — 214.0 
—103.8 — 15 5).0 —120.5 —185.0 —%37.0 — 214.6 
— 104.0 Ena Gia —121.0 —185.8 = T37a.2 — 215.0 
— 104.4 —156.0 —120.1 —186.0 rane 7 —216.0 
— 105.0 157 210 — 12.70 — 1571.0 —138.0 — 216.4 
— 105.5 —Tro.O 12280 —187.6 —138.3 —2r7.0 
—106.0 —158.8 122.2 —188.0 —138.8 — 218.0 
—106.1 —159.0 —122.7 —189.0 —139.0 2202 
—106.6 —160.0 == 1231.0 —189.4 —139.4 2501.0 
—TO7 20 —160.6 123.3 = 10010 —140.0 —.220.0 
—107.2 Ono See) —I0r.0 —=TAOn5 (2200 
—107.7 —162.0 — 2410 TOI. 2 —TAL.0 22056 
— 108.0 —162.4 —124.4 —I92.0 —I4I.1 — 222.0 
—108.3 — 163.0 —125.0 SHO eS) —I41.6 = 22350 
—108.8 —164.0 —T2hes —194.0 — A260 — 2221.0 
—109.0 —164.2 —126.0 —194.8 —142.2 — 224.0 
—T00.4 —165.0 1 20).5 —195.0 —142.7 = 2250 
Se) e) —166.0 —126.6 —196.0 —£43'.0 SE 
EOms = 107/00 270 —1096.6 —T43'.3 —=220).0 
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—T43o —227).0 —149.0 | — 236.2 | —154.4 — 246.0 
—144.0 122 7a —149.4 SAP —T5 5.0 — Ain 
—144.4 12200) SOLO ae — 23520 —155-5 — 248.0 
=a SO 22070 —150.5 — 239.0 —156.0 — 248.8 
—145.5 — 230.0 —I51.0 | —239.8 —156.1 — 249.0 
—146.0 — 230.8 —I5t.t | —240.0 —156.6 — 250.0 
=146.2 —231.0 —151.6 | —24r.0 —157.0 — 250.6 
—146.6 23200) —152.0 — 241.6 —557 32 —251.0 
—147.0 — 232.6 —152.2 — 242.0 =157.7 — 252.0 
idly, o) 233710 SP Fl —2431.0 —158.0 25 2aA, 
047 7 — 234.0 S30 — 24304 —158.3 — 253.0 
—148.0 — 234.4 — Te a8 — 244.0 GO ec — 254.0 
EA Ome 22150) tse yote, — 245.0 —159.0 =254.2 
—148.8 — 236.0 —154.0 — 245.2 —I59.4 —255..0 


ENED ES 


ABEL heat test, 595 Benzene, commercial, 206 - 
Abel-Pensky tester, 126 determination of, 203, 206 
Abel’s tester, 122 —— in petroleum spirit, 241 
Abrastol, 402 purification of, 204 
Acenaphthene, 266, 268 Benzerythene, 270 
Acetophenone, 427 Benzin, 114 

Acetylene, 8 Benzin-naphtha, 116 
Acetylenes, 7 for degreasing, 116 
Acid, free, in oils, 160 Benzoates, metallic, 414 
Ackermann, E., phenol, 296 Benzoic esters, 415 
Acridine, 222 aldehyde, 417 
Aliphatic series, 1 acid, 404 


Alizarin, 263 acid in catsup, 413 
Alkali in oils, 163 anhydride, 417 
Allen, A. H., patent disinfecting powders, | Benzoin, tincture of, 452 
363 Benzol, 202 
neosote, 363 commercial, 113 
Amygdalin, 420 crystallisable (100%), 223 


Aniline, 214 30 % ,224 
Anisic acid, 507 50 %, 224 
Anthracene, 261, 267 go %, 223 
crude, 265 Benzols, 222 
detection of, 273 assay of, 225 
dihydride, 265 Benzyl chloride reagent, 280 
estimation of, 276 Bergmann and Junk test, 615 
— hexahydride, 265 Betol, 498 
—— in tar and pitch, 285 test for, 298 
oils, 198 Biel, J., flash-point, 128 
picrate, 275 Birch, oil of sweet, 494 
Anthraquinone, 263 Bitter-almond water, 426 
' Asaprol, 401 Bitumen in asphalt, 77 
Asphalt, 57 Bitumens, 37 
in crude petroleum, 54 Bituminous road materials, ror 
—— fluxes, 95 = Blast-furnace tar, 18 
paving mixtures, 6 Blasting gelatin tests, 602 
pitches, 61 Bromine absorptions, 92 
Asphalts, analytical methods for, 69 Bulb-tube test, 233 
artificial, 93 Burgess, cinnamic aldehyde, 441 
assay of, 73 . Burning naphtha, assay of, 119 


—— bitumen in, 77 quality of kerosene, 132 
fixed carbon in, 72 Byerlyte, 94 
—— ultimate*composition of, 90 


CaALoRIFIc value of petroleum oils, 140 


Beaume degrees, 390 Carbazol, 271 

Beechwood creosote, 353, 354 Carbon disulphide in benzol, 226 
Belmontine oil, 118 Carbolic acid, 304 
Benzaldehyde, assay of, 423 assay of, 307 


Benzene, 199 —— disinfecting powders, 308 
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Carius, estimation of sulphur, 51, 85 Dibromophenol, 298 
Cassia, oil of, 443 Dichloranthracene, 263 
Catechol, 340 Dihydroxybenzoic acids, 511 
Cellulose nitrates, 560 Dihydroxybenzenes, 335 
Cerasin, 57 Dimethylanthracene, 265 
Cherry-laurel water, 427 Dimethylbenzenes, 216 
Chromic acid, reagent, 278 Dimethylhomocatecholate, 346 
Chromometer, 130 Dimethylnaphthalenes, 251 
Chrysene, 267, 270 = Dinitroglycerin, 574 
Chrysogene, 270 Dinitromonochlorhydrin, 575 
Cinnamic acid, 437 Diphenyl, 266, 268 
aldehyde, 440 Diphenylmethane, 266, 268 
balsams, 453 Disinfecting liquids, 331 
esters, 438 powders, 308 
Cinnamon, oil of, 443 Distillation, destructive, 11 
leaves, oil of, 446 Doolittle, O. S., viscosimeter, 154 
oil of Chinese, 445 Durene, 199 
Cinnamy! alcohol, 439 Dynamite, heat test, 602 
Coal, composition of, 198 : 
naphtha, 220 ELLiomt, flash-point, 124 
pitch, 29 Engler, viscosimetry, 152 
creosote, 336 Explosion test, 614 
Coal-tar, 20 Explosive gelatin, tests, 604 
Ceerulein, 557 Explosives, composite, 591 
Coke-oven tars, 33 
Cold test, 157 FAHRENHEIT degrees, 619 
Color of kerosene, 130 Fatty oils in lubricating oils, 169 
Cosmoline, 183 Ferulic acid, 448 
Coumaric acids, 447 Fire-test, 120 
Coumarin, 447 Fixed carbon, in asphalts, etc., 72 
Creolin, 332 Flash-point, 120, 166 
Creosol, 346 Fluoranthene, 267, 269 
Creosote, 346 Fluorene, 266, 269 
assay of, 374 Free acid in oils, 160 


coal-tar, 365 

beech and oak, 353 

beechwood, 353 
phenol in, 355 

—— blast furnace, 362 

oils, specifications for, 368 

shale-tar, 365 

wood, quantitative, 355, 374, 377, 
381 

wood-tar, 308, 311, 347 


carbon in pitch, 32 
Fulminate of mercury, 586 
Fume tests, 612 


GALLACETOPHENONE, 428 
Gallein, 557 

Gallic acid, 525 
derivatives of, 533 
esters of, 533, 538 


Cresols, 311 ethers, 538 
Cresoline, 332 Gas, oe 4 


Cresotic acid, 509 

Cresylic acid sheep dips, 329 
Cumene, 199 

Cyclic series, 197 


Gasolene, III 
Gaultheria, oil of, 493 
Gillette, lubricating greases, 175 


Gilsonite, 63 
PyaneaS 709 Glynsky tube, 233 
Greases, lubricating, 175 
Dead oils, 199, 365 Green oils, 199 
Dean and Bateman, creosote oils, 381 Guaiacol, 342 


Deblooming agents, 170 
Destructive distillation, 11 carboxylic acid, 345 
Dianthracene, 263 tests for, 208 
Dibromanthracene, 263 Guaiacyl benzoate, 345 


carbonate, 345 
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Gum benzoin, 449 
Guttmann’s tests, 612 


Hanus, J., cinnamic aldehyde, 442 
Heat test, explosives, United States, 603 
Heavy oil, 365 

Holde, D., asphalt in crude petroleum, 


54 
Homocatechol, 342 
ethers, 342 
Hydranthraquinone, 264 
Hydrobenzamide, 419 
Hydronaphthaline, 244 
Hydroquinone, 336, 339 
Hydroxy-benzaldehydes, 499 
Hydroxy-methyl-benzoic acids, 506 
Hydroxy-methyl-benzoic anhydride, 506 
Hydroxy-naphthalenes, 252 
Hydroxy-phenyl-acetic acids, 508 
Hydroxy-quinoline sulphuric acids, 403 
Hydroxy-toluic acids, 508 


IDRYL, 269 : 

Imidodiphenyl, 271 

Indicators, action of, 555 

Inner friction of lubricating oils, 142 
Iodophenol-p-sulphonic acids, 308 
Tsodurene, 199 

Isophthalic acid, 218 


JORISSEN test for salicylic acid, 476 


KEROSENE emulsions, 141 


LEBEL and Henniger tube, 233 
Linton, S. A., asphalt, 86 
Loose-fibre guncotton, tests, 605 
Lovibond’s tintometer, 131 
Lubricating greases, 175 
oils, 142 

classes of, Holde, 172 
value of hydrocarbons, 146 . 
Lysol, 332 


Masery, C. F., petroleum, 39 
sulphur in petroleum, 52 
Maltha, 38 

Mandelic acid, 506 
Mandelo-nitrile, 421 

Marsh gas, 1 

Melilotic acid, 448 

Mercuric fulminate, 586 
Mercury, tests for, 608, 610 
Mesitylene, 199 

Metacresol, test for, 297 
Metaxylene, 217 
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Methoxybenzoic acids, 507 
Methylanthracene, 265 
Methylbenzene, 215 
Methylcatechol, 342 
Methylcatecholate, 342 
Methylhomocatecholate, 346 
Methylisopropylphenanthrene, 267 
Methylnaphthalenes, 250 
Methylthiophen, 211 
Mineral burning oil, 117 
lubricating oil, 163 
matters in oil, 163 
Mirbane, essence of, 214 
Monobromophenol, 298 


Naphtha, rr1z 

carburreting, 222 

coal-tar, 220 

once run, 221 

shale, 116 

solvent, 222 

Naphthalene, 243, 266 
commercial, 247 
dihydride, 250 

oils, 250 

salts, 248 

sulphuric acids, 251 
tetrahydride, 250 
Naphthalenesulphonic acids, 251 
Naphthols, 252 

B-, in foods, 257 
6-Naphtholsulphonic acids, 259 
Naphtholsulphonic acids, 40 
Napthol ethers, 259 

Neosote, 363 

New York tester, 124 

Nitrates of polymerised glycerin, 575 
Nitrocellulose, 560 
Nitrobenzene, 211 

Nitrobenzol, commercial, 214 
Nitroglycerin, 570 

tests, 603 
Nitronaphthalenes, 200 


OAKWOOD oil, 353 
Oil of bitter almonds (essential), 420 
Oils, anthracene, 198 
bloom of, 170 
creosote, 354 
dead, 108 
deblooming, 198 
fluorescence of, 198 
—— free acid in, 160 

alkali in, 163 
green, 198 
lubricating, 142, 163 
—— mineral matters in, 163 
naphthalene, 250 


634 


Olefines, 3 
Optical activity of petroleum, 135 
Ozokerite, 54 


Parachrysene, 271 

Paraffin, 82,18 8 

estimation of, in petroleum resi- 
dues, asphaltic oils, 82, 104 

scale, 82 

Paraffins in anthracene, 271 

Paraffinum liquidum, 187 

Peach-kernel oil (essential), 422 

Penetrometers, 69 

Pennsylvania petroleum, 40 

Pensky-Martens apparatus, 167 

Pentane, IIr 

Peruvian balsam, 455 

Petrolatum, 183, 186 

Petroleum, 38 

benzin, 114 

— California, 41 

calorific value of 51 

Canadian, 41 

crude, assay of, 47 

distillation of, 44 

ether, 1Ir 

—— Galician, 43 

—— Hanoverian, 44 

jelly, 183 

—— Ohio, 42 

Pennsylvania, 40 

residuum, 196 

—— Russian, 42 

spirit, 113 

spirit in benzene, 241 

Phenanthrene, 266, 269 

Phenol, 289 

bromine test, 298 

detection of, 295 

esters, 294 

—— estimation of, 300 

ethers, 294 

poisoning by, 303 

polysulphonic acids, 397 

Phenolic disinfecting liquids, 331 

Phenolphthalein, 548 

Phenols, dihydric, 287 

monohydric, 287 

trihydric, 287 

—— in soap, 334 

Phenolsulphonates, 396 

Phenolsulphonic acids, 393 

Phenoxides, 293 

Phenylcarbinol, 288 

Phenylnaphthylimide, 272 

Phenylsulphuric acid, 399 

Phloroglucol, 287 

Photographic flash powders, 617 
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Photometric tests, 134 

Phthaleins, 545 

Phthalic anhydride, 544 

Phthalide, 506 

Phthalic acids, 541 

Picene, 270 

Picrates, 585 

Picric acid, 576 

Picrol, 339 

Piperonal, 523 

Pitch, 29, 33 

anthracene in, 285 

coal-tar, 29 

Pittsburg flux, 94 

Poisoning by nitrobenzene, 213 

by phenol, 303 

Potassium phenyl-sulphate, 4oo 

Protocatechuic acid, 511 
homologues of, 513 

Pseudocumene, 199 

Pseudophenanthrene, 269 

Pyrene, 267, 269 

Pyrocatechin, 340; | 

Pyrogallic acid, 535 

Pyrogallol, 298, 535 

tests for, 298 

Pyrrole, 24 


QUINOL, 298, 339 
Quinone, 339 


RANGOON tar, 44 

Reduced oils, 164 

Redwood’s burning test of kerosene, 132 

viscosity, 151 

Residuum, 196 

Resorcinol, 298, 336, 337 

Retene, 267, 270 

Rhigolene, 46, 111 

Richardson, Clifford, analysis of as- 
phalts, 73 

bituminous road materials, ror 

Riegler, phenol, 303 

Road materials, bituminous, ror 

Rock-asphalts, 63 

Roofing papers, 98 

Rosin oil in mineral oil, 174 

Russian oil, detection of, 128 


SACCHARIN, 428 
Sadtler, Be 2 creosote specifications, 
3 

Sadtler, S. S., estimation of sulphur in 
crude petroleum, 52 

cinnamic aldehyde, 442 

Salicylates, alkaloidal, 487 

metallic, 487 
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Salicylic acid, 466 
—__— cleriyatives, 500 
estimation, 479 
anhydride, 499 
esters, 492 
Salicylide, 499 
Sapocarbol, 332 
Saprol, 332 


Sayboldt, burning test of kerosene, 132 


Sayboldt’s viscosimeter, 156 

Scottish Mineral Oil Association tests, 
172 

—— bituminous, compared with Ameri- 
can petroleum, 108 

Shale naptha, 116 

oil, 16 

creosote, 365 
products, 108 

tar, 16 

Sheep dips, analysis of, 318 

Smokeless powder tests, 606 

Soaps in oils, 142, 175 

in petroleum oils, 142 

Society of Testing Materials, asphalt 
tests, 69 

Solar oil, 118 

Solidifying point, 194 

Solutol, 332 

Solvents for explosives, 589 

Specific gravity tables, 387 

Spica’s test, 612 

Stability tests, 594 
nitroglycerin, 572 

Stammer chromometer, 131 

Stockholm tar, 20 

Storax, 461 

Sulphonation test of creosote, 384 

Sulphur, determination”of, 51, 84 

estimation of, in crude petroleum, 51 

—— in asphalt, 84 

in burning oil, 134 

—— in tar products, 84 

Sulphuric acid, actions on bitumens, 99 

esters in nitrocellulose, 568 


ar ABLE, Centigrade and Fahrenheit, 619 
Tagliabue’s tester, 122 


Tar, coke-oven, 33 
blast-furnace, 18 
coal, 20 

oils, 308 

—— Rangoon, 44 

shale, 16 
Stockholm, 20 
water-gas, 34, 233 
wood, 19 

Tars, 14 

Tetrasalicylide, 499 
Thermometric scales, 619 
Thiophen, 210 
Thiotolene, 211 
Thurston’s tester, 171 
Thymol, 297 

Timber preservation, 367 
Tintometer, 130 

Tolu balsam, 459 
Toluene, 215 

Torsion viscosimeter, 154 
Trace tests, explosives, 612 


U. S. ARMy ordinance II5° test, 616 


VANILLA, essence of, 520 
Vanillin, 513 

estimation of, 517 
Vaseline, 83 

Veratrol, 342 

Viscosity, 145 

of asphalts, 105 


WattHAM Abbey test, 614 
Water-gas tar, 34, 233 

Water in asphalt, 73 

in oils, 141 

—— in tars, 28 

Will test, 615 

Wilson, R. P., chromometer, 130 
Wintergreen, oil of, 493 
Wood-tar, 19 


XANTHATES, 227 
Xylenes, 216 
Xylol, 216 
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